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FLAMING HACKSAWS 


With 8,000,000 teeth per inch, travelling 1400 ft. per sec., these jets of oxy-illuminating gas cut the nine 
19-inch risers off this steel turbine-shell casting in 30 minutes. The successful development of 
these torches, that make a cheap fuel gas do the work of acetylene or hydrogen, 
is one of the notable achievements of the past year. (See p. 34) 
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A Review of the Progress Made in the Electrical Industry, 
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VAPORATED feed water has been accepted 

as a necessity for the successful operation 

of high-pressure boiler plants. Stations such as 

Philo, Twin Branch, Stanton, Delaware, Chester, 
have installed Wheeler evaporators. 


However, if the circulating water to the 
turbine condenser is polluted, a small leak 
in the condenser can introduce more solids 
into the boiler feed water than the use of raw 
water for makeup. The Wheeler Condenser 
and Engineering Co. has developed a floating 
tube sheet condenser—with the tubes rolled in 
both tube sheets so that leakage at the tube 
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Complete Feed Water Protection 
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ends is impossible. Condensers of this design 
show no leakage detectable with a conductivity 
meter. 


The photographs show the condenser and the 
evaporator for a large station designed for 650 lb. 
boiler pressure. No solids can enter the feed 
water through the makeup or through con- 
denser leakage. In addition, oxygen corrosion 
is prevented by the use of the Wheeler Pres- 
sure Sealed Hotwell pump which, by stopping 
air inleakage at the one point in the feed system 
where the water pressure is below atmospheric, 
keeps the condensate air free. 
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THE ALTAR OF LIVERPOOL CATHEDRAL 


The illumination of this cathedral, recently completed, is a remarkable example of indirect lighting, both because of its 
beauty and because of its complete harmony with the character of its subject. The chancel, the altar, and the 
reredos are illuminated by twelve batteries of lights, each battery comprising four trough reflectors 
and eight gas-filled Mazda lamps. The reflectors are hidden by carved wooden 
cases and screened by slightly tinted and opaque panes of glass 
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TRENDS IN ELECTRICAL DEVELOPMENT DURING 1926 


Back in the days when the electrical industry was 
young, the immense possibilities that lay ahead 
inspired the pioneers to be ever dissatisfied with the 
extent of their achievements and to continue with 
unflagging zeal to hasten the development of their 
branch of engineering so that its benefits could be 
made available to public service at the earliest 
possible moment. 

The example set by these men will always be 
cherished by the members of the profession not only 
as a monument but as a beacon for guidance. With a 
personnel so imbued with the spirit of progress, the 
industry is constantly making electric energy avail- 
able to more people and devising means for making 
this service more useful. The story of each year's 
developments is a composite of larger scales of 
magnitude, improvements in design, manufacture 
and operation, and the invention of new types of 
equipment. 

A brief summary of these furnishes an indication 
of prevailing trends, and for the year 1926 the follow- 
ing developments will serve this purpose: 

A number of steam turbines of record size were 
under construction, the previous maximum capacities 
for single-cylinder, tandem-compound and cross- 
compound turbines being carried to new high figures. 
Larger turbine-generating sets of the bleeder type 
were supplied to industries, and there was a definite 
increase in the capacity of turbines used for mechan- 
ical drive. Further detailed improvements were made 
in the mercury boiler which increased the overall 
efficiency of the Emmet mercury vapor process. 

In marine equipment, the tendency to adopt electric 
drive throughout for all auxiliary service as well as 
for propulsion was evidenced by the construction of 
a self-unloading bulk freighter and dredges of the 
suction and dipper type, each of the three craft being 
the largest and most powerful of its kind. Improved 
` auxiliaries included new deck winches, an automatic 
mooring winch, and an automatic towing machine. 

In the electric railway field, there was an increased 
adoption of the lightweight type of car for both city 
and suburban service. There was also renewed activity 
in the electrification of the main lines of steam rail- 
roads. Corresponding progress was made in further 
extending the use of the oil-electric locomotive, the 
gas-electric motor car, and the gas-electric bus. More 
powerful substations were provided with automatic 
control and a number of them were equipped with 
the steel-tank type of mercury arc rectifier. 


A notable feature in the mechanical design of 
waterwheel generators, synchronous condensers and 
converters was a marked tendency to substitute 
steel plate construction for heavy castings. 

New types of motors were designed and the benefits 
resulting from improved methods in the quantity 
production of certain types was shared with the 
industry through the medium of reduced prices. 
Numerous new types of motor-control apparatus 
were provided to meet special operating conditions, 
and the system of motor control by means of the field 
control of the generator was successfully applied for 
the first time in the operation of ore and lift bridges, 
and similar heavy material handling equipment. 

The high-frequency furnace was utilized commer- 
cially for the first time in the melting of ferrous metals, 
and electric welding was applied to an increasing 
extent and for larger work in manufacturing processes. 

Radio experiments of world-wide scope were con- 
tinued, and new types of transmitters were produced 
on a commercial scale for operation at high power 
and short wavelengths. 

Supplementing its service in communication, car- 
rier current was utilized for the distant control of 
substations. Numerous ingenious applications of the 
vacuum tube were made in the solution of other 
central station operating problems. 

In addition to the advances made in the railway 
field, automatic station equipment was provided for 
the control of larger hydro-electric units and its 
use in mining and industrial substations was greatly 
extended. 

Paralleling the increase in the capacity of gener- 
ating units, the maximum capacity of both self- 
cooled and artificially-cooled transformers was carried 
beyond the record ratings of previous years. The 
demonstrated efficiencies of the oil air-pressure 
method of cooling resulted in its application to a 
considerable number of units of exceptional capacity. 
The system of load ratio control was made automatic 
in operation by means of contact-making voltmeters. 

Street lighting continued to be characterized by an 
increasing intensity of illumination. The growth in 
the sales of incandescent lamps and further improve- 
ment in the process of their manufacture permitted 
their selling price to be reduced to the lowest level 
in the history of the industry. Interest continued 
active in aviation lighting and street traffic signalling, 
and there was exceptional activity in the use of flood- 
lighting for the external illumination of buildings. 
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Some Developments in the Electrical Industry 


HE production of all classes 

of electrical apparatus was 
maintained at a fairly uni- 
form rate throughout the year, 
and the volume of this produc- 
tion exceeded all previous records. 
Included in the work of build- 
ing equipment for power genera- 
tion were several steam turbine 
units of materially greater capac- 
ity than their predecessors and 
a number of waterwheel gener- 
ators in which fabricated con- 
struction was largely employed 
to replace the heavier castings. 
In the field of hydro-electric 


operation, marked progress was made in the appli- 
cation of automatic control to larger units. The 
installation of this type of control in various types 
of substations was also more widely extended. 


During 1926 


By JOHN LISTON 
General Electric Company 


We here present our fourteenth 
annual review of the engineering 
progress made by the electrical 
industry. Thus another chapter 
is added to an already compre- 
hensive log of notable achteve- 


ments. Like the preceding chap- 
ters, tt deals only with past events, 
but being the latest its value lies 
more in the possible application 
of its information than in tts 
function as an historical record. 
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equipment for extensions to this 
service. 

The development of new types 
of motors was supplemented by 
improvements in motor-control 
apparatus, and together these 
furnish industry with more ready 
means of securing the advan- 
tages of electric drive. 

Transformers of record capac- 
ity were produced and an instal- 
lation was made of testing units 
of exceptionally high-voltage 
rating. 

The field of lighting was marked 
by improvements in both the 


manufacture of lamps and their various applications. 

Infurnishing a detailed review of these and the many 
other developments made during the year, all the appa- 
ratus referred to are products of the General Electric 


Fig. 1. View in Columbia Power Company’s Station at Columbia Park (Ohio) 
Showing Two 45,000-kw. Tandem-compound Turbine Generators 


The activity in the application of electricity to 
transportation both on land and water led to the 
introduction of improved and new types of apparatus 
as well as to the bulk production of standardized 


Company. These cover such a wide range that the ref- 
erences will serve as an indication of the tendencies in 
design and construction as well as the general progress 
in the electrical manufacturing industry as a whole. 


SOME DEVELOPMENTS IN THE ELECTRICAL INDUSTRY DURING 1926 5 


TURBINES 


There was a remarkable increase during the year 
in the unit capacity of turbine-generator sets com- 
pleted and under construction. 

The turbine industry is generally considered to 
have started with the installation of a 5000-kw. unit 
in Chicago in 1903. This was followed by one of 
8000-kw. in 1906, 14,000-kw. in 1908, 20,000-kw. 
in 1911, 35,000-kw. in 1915, 45,000-kw. in 1917, 
60,000-kw. in 1924, and 77,000-kw. capacity in 1926. 

Units now in process of manufacture will extend 
this record with the installation of a 91,500-kw. unit 
in 1927, a 94,000-kw. unit in 1928, and a 208,000-kw. 
unit in 1929. 
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Fig. 2. 


The fact that these last three units are being con- 
structed for dates of installation so far in the future 
is an impressive illustration of the foresight necessary 
to-day in the central station industry. 

The 208,000-kw. set will be installed in the State 
Line Station of the State Line Generating Company 
near Hammond (Ind.). This three-unit set will 
operate under steam conditions of 600 lb. pressure 
and 750 deg. F. steam temperature at the throttle. 
The steam, while passing from the high-pressure 
to the two low-pressure cylinders, will be reheated 
to 500 deg. F., with steam at boiler pressure and 
temperature. This is the first application of steam 
reheat. 

The three elements will operate at 1800 r.p.m. 
The high-pressure turbine will drive a 76,000-kw. 
0.85-power-factor main generator and each double- 
flow low-pressure turbine will drive a 62,000-kw. 
0.85-power-factor main generator and a 4000-kw. 
service generator. The main generators are to be 
wound for 18,000 volts and each main and service 


generator will have its own direct-connected exciter. 


The 76,000-kw. high-pressure generator is the largest 


1800-r.p.m. generator under construction. 


During the year two important stations, referred 
to in our last year’s review, were placed in successful 
commercial service. They are the Columbia Park 
Station of the Columbia Gas and Electric Company, 
and the Richmond Station of the Philadelphia Elec- 
tric Company. 

In the former, two 45,000-kw. tandem-compound 
units with single flow in the low-pressure end are 
installed. These machines (Fig. 1) operate with steam 
pressure of 550 to 600 lb. The steam is reheated 
between cylinders to its original temperature of 725 
deg. F. Steam is extracted for feed-water heating 
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Sectional View of 60,000-kw., 1800-r.p.m. Tandem-compound Turbine with Double Flow at Low-pressure End 


and the units have direct-coupled service alternators 
of 2000-kw. capacity, also direct-connected exciters 
for the main and service alternators. 

The machines in the Richmond Station are of 
60,000-kw. capacity (Fig. 2) and are also tandem- 
compound units but with double flow in the low- 
pressure cylinder. The steam conditions are 375 1b. 
at the throttle with a temperature of 675 deg. F. 
They also operate on the regenerative cycle. 

An interesting sidelight on the rapidity of the 
development of the art is furnished by the fact that, 
at the time of design, the generator in each of these 
cases was regarded as the conservative maximum 
limit of capacity in 1800-r.p.m. units. 

During the year there were in successful oper- 
ation seven turbine-generator sets of 40,000 to 
60,000 kw. in capacity under steam conditions of 
550 to 600 1b., 700 to 725 deg. F. steam temperature 
with reheating after partial expansion. The nor- 
mal and satisfactory service of these machines, in 
which a number of new features were embodied, 
demonstrates that, with adequate engineering and 
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manufacturing facilities, such new features may safel y 
be embodied in new and important turbine installa- 
tions. Experience with large units has demonstrated 
that they can be operated as continuously and easily 
as smaller machines. 

The 77,000-kw. cross-compound turbine-generator 
set built for the Crawford Avenue Station of the 
Commonwealth Edison Company of Chicago is 
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Fig. 3. 


now in successful operation and a 91,500-kw. unit 
of the same general design for this station is now 
under construction. 

Other large sets completed include a 60,000-kw. 
single-cylinder 25-cycle turbine generator for the 
Buffalo General Electric Company and two 60,000- 
kw. single-cylinder 25-cycle units (Fig. 3) for the East 
River Station of the New York Edison Company. 

Two 52,500-kw. tandem-compound machines for 


the Societe Financiere de Transports for installation 


in Buenos Aires are designed for 550 lb. steam pressure 
and will operate on the reheating, regenerative cycle. 
This is the first development of this kind outside of 
the United States. 

The fifth station in this country to use 550- to 660- 
lb. steam pressure is now in service. It is the Stanton 
Station, owned jointly by the American Gas and 
Electric Company and the Electric Bond and Share 
Company. The initial installation consists of two 
single-casing units designed for operation on both 
the reheating and regenerative cycles. Each turbine 
drives a 40,000-kw. main generator and a 2000-kw. 
auxiliary generator. | 

A 52,800-kw. single-cylinder 1500-r.p.m. unit built 
for the Southern California Edison Company is now 
in service, and two 94,000-kw. 1500-r.p.m. tandem- 
compound units each consisting of a 90,000-kw. 
100,000-kv-a. 16,500-volt main generator and a 
4000-kw. auxiliary generator are in process of con- 
struction. 
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The main generators of these latter turbines (Fig. 4) 
exceed in both capacity and physical dimensions 
any electric generator previously built and the tur- 
bines are also the largest of the tandem-compound 
type so far constructed. Each turbine-generator will 
measure 103 ft. in length and weigh about 1,650,000 lb. 

Other unusual features of these machines include 
provision for future gas cooling of the generators 
and the combination of a 
double-flow low-pressure 
end with four vertical con- 
densers. They will be the 
first of their type to gener- 
ate current at 16,500 
volts. 

The Edison Electric Illu- 
minating Company, of Bos- 
ton, will utilize a 65,000- 
kw. turbine-generator unit, 
which will operate at 1800 
r.p.m. and consist of a 
single-cylinder turbine 
driving a 60,000-kw. 75,- 
000-kv-a. main generator 
and a 5000-kw. 6250-kv-a. 
service generator. It will 
be placed in the Edgar 
Station at Weymouth. | 

The first 50,000-kw. 1800-r.p.m. single-cylinder 
single-flow turbine-generator set is practically com- 
pleted and will be installed in the Cahokia Station 


Fig. 4. 


Assembling 94,000-kw., 1500-r.p.m. Tandem-compound 
Turbine Generator 


of the Union Gas and Electric Company of 
St. Louis, and two additional 50,000-kw. 1200-r.p.m. 


units for the Detroit Edison Company are being 
built. 
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After a year’s operating experience with the 1200-lb. | 


turbine in the Edgar Station, the Boston Edison 
Company states that “This high-pressure installa- 
tion is not a full or complete development of the 
high-pressure possibilities in the Edgar Station and 
it is expected that a full development of this equip- 
ment will bring the generating records of the station 
down to a kilowatt-hour for 9/10 of a pound of coal.” 
No difficulties attributable to the high pressure have 
been encountered. It is no more difficult to operate 
such a machine than one for standard pressure and 
it seems entirely feasible to develop much larger units. 

A 7000-kw. machine (Fig. 5) designed for the same 
initial conditions but for somewhat lower back 
pressure for the Milwaukee Railway and Light Com- 
pany is also operating commercially. 


as far as practical, being applied to other generators 
of this type. 

The windage loss in turbine generators was greatly 
reduced by the features of construction referred to and 
this has eliminated a part of the gain anticipated from 
hydrogen cooling. However, the other advantages of 
this system of operation and tests made on a 6250-kv-a. 
generator with hydrogen as a cooling medium indicate 
that this method is one of the interesting possibilities 
of the future. Three commercial generators—a 
7000-kw. and two 50,000-kw.—are being built with 
special heavy construction so as to be gas tight for the 
possible future adoption of hydrogen cooling. 

Stainless steel is now utilized for all buckets except 
those in contact with very high temperature steam 
and those long buckets in the last few stages in the 
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7000-kw., 3600-r.p.m. Turbine Generator Operating at 1200-lb. Steam Pressure Installed in the 


Lakeside Power Plant of the Milwaukee Electric Ry. & Lt. Co., Milwaukee, Wis. 


From a generator standpoint, the most important 
installation made during the year was that of two 
62,500-kv-a. 1800-r.p.m. generators in the Richmond 
Station of the Philadelphia Electric Company. These 
machines are not only the largest turbine generators 
_at this speed that have been built, but they have 
incorporated in them the developments in generator 
design and construction which have resulted from 
research and tests for the past two or three years 
and which have combined to make them the most 
efficient turbine generators in operation. 

Some of these features are multiple-flow radial 
ventilation with air-slide wedges, non-magnetic 
armature ends, transposed-coil bar windings, grooved 
and ventilated revolving fields, and aluminum saddles 
and wedges. The net result of the combination of 
such features was an efficiency of 98 per cent, by 
test in the Richmond Station. Under practically full 
load the temperature rise of the armature was 30 
deg. C. and the rise of the field 65 deg. C. 

The improvements which have produced such ex- 
cellent results in these 62,500-kv-a. generators are, 


exhaust end of large machines. Steam mechanical 


‘and electrical research were diligently continued in 


order to build an ample foundation for the future 
requirements of the industry. 


EMMET MERCURY VAPOR PROCESS 


During the summer of 1925 a new type of mercury 
boiler and a new three-stage mercury turbine were 
installed at the Dutch Point Station of the Hartford 
Electric Light Company, replacing the fire-tube type 
of boiler and single-stage turbine installed in 1923. 

Preliminary tests during the latter part of 1925 
and early 1926 showed the necessity for making 
several minor changes and repairs to the mercury 
boiler. These were made and by the end of April, 1926, 
the boiler was again ready for operation. From then 
to the end of August the equipment (Fig. 6) carried 
commercial load during the day, being shut down at 
night and over week-ends. 

During these periods of operation, certain tubes 
seemed to heat more than others and experiments 
proved that this irregularity arose from certain 
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interference with the liquid circulation by the escape 
of vapor near the down circulation tubes. Improve- 
ments were adopted to prevent the possibility 
of such interference and were applied to the Hart- 
ford boiler. 

Since this change was effected in the Hartford boiler 
the apparatus has been operated at the highest loads 
which the generator is capable of carrying. The 
heating of all boiler tubes is apparently uniform and 
everything indicates a stability of action with a very 
wide margin of capacity. The furnace was altered 
to burn pulverized coal, replacing the oil burners 
previously used. 

This boiler installed at Hartford consists of vertical 
dead-ended tubes of strong construction welded into 
headers at the upper ends. The tubes are thus free 
to expand without involving expansion strains and 
each tube is provided with individual circulation of 
the liquid. The furnace is built directly below the 
mercury boiler so that all the boiler tubes are equally 
exposed to the radiant heat from the fire. The heat 
concentration, therefore, is distributed alike on all 
the tubes. 

The single-stage mercury turbine with generator 
installed at Hartford in 1923 was 60 per cent efficient. 
The present three-stage turbine unit has an efficiency 
of 70 per cent which agrees with expectations 
derived from calculations. From these results it is 
believed that a five-stage machine would be about 
75 per cent efficient. During September the three- 
stage turbine was examined and its condition indi- 
cates that mercury turbines can be operated for long 
periods of time without any part requiring renewal. 

It is expected that a large commercial mercury 
unit will be constructed for installation at the South 
Meadow Station of the Hartford Electric Light Com- 
pany. It is estimated that it will consume 14,400 lb. 
of coal per hour and will deliver 10,000 kw. from the 
mercury generating unit. In addition, the condensing 
mercury will generate 124,000 lb. of steam per hour 
which will be superheated to 750 deg. F. 


INDUSTRIAL TURBINES 


In addition to the advances made in the large 
turbine-generator sets for central station service, 
numerous improvements of great practical value 
were secured in the design of the relatively smaller 
sets utilized in industrial plants. The use of process 
steam as a by-product of electric service was a 
conspicuous feature of several exceptional installa- 
tions of this class. 

The Raritan Copper Works at Perth Amboy (N. J.) 
is devoted to the electrolytic refining of copper and 
utilizes a considerable amount of process steam at 
different pressures. In order to meet an increased 
demand for both power and process steam, two 
5000-kv-a. and one 3125-kv-a. automatic extraction 
turbine-generators were installed. These three units 
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operate at 3600 r.p.m. and were designed to receive 
steam at 365 lb. gauge pressure and 200 deg. F. super- 
heat at their throttles. The prime movers, previously 
installed, utilized steam at 165 lb. gauge pressure. 
The two 5000-kv-a. machines were designed to 
exhaust against 114 in. of mercury absolute back 
pressure. Each was equipped with an internal grid 
valve and auxiliary throttle with the necessary auxil- 
iary mechanisms to permit the extraction or reception 
of steam at 165 lb. gauge pressure, in order that, 
when there is a deficiency of steam in the 165-lb. 
pressure system, steam may flow freely into it from 
the 365-lb. pressure system through the turbine to 


Fig. 6. Mercury Vapor Equipment at Hartford, Showing 
Turbine-generator and Condenser 


maintain the lower pressure constant. Each of the 
larger turbines will be equipped with an outlet for 
non-automatic extraction at approximately 30 Ib. 
and with an internal grid-valve mechanism for the 
automatic extraction of steam at 2 lb. gauge pressure. 
The latter was designed to maintain 2 lb. gauge 
pressure in a low-pressure heating system throughout 
wide ranges of electrical output and steam extraction. 

The 3125-kv-a. unit was designed to exhaust into 
a closed heating system, in which 6 lb. absolute 
pressure will be maintained, and is equipped with 
an internal grid valve to permit the automatic extrac- 
tion of steam at 2 lb. gauge pressure. The three units 
will be operated electrically in parallel. Through the 
shifting of electrical load from one to the other and 
through the automatic adjustments of the extraction 
mechanisms, it will be possible to obtain varying ` 
quantities of steam for process work without changing 
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pressures in the several process steam systems or 
appreciably impairing the high thermal efficiencies 
of the units. 

The Viscose Company, manufacturers of Rayon 
(artificial silk), require electrical power of both 60 
and 100 cycles, the latter for the operation of small 
high-speed motors. Much process steam at low pres- 
sure is also needed. To meet these conditions, four 
special turbine-generators were installed. Two of these 
consist of 5000-kw. automatic extraction type con- 
densing turbines designed to operate at 3600 r.p.m. 
and drive directly a 3000-kw. 0.8-power-factor 2300- 
volt 3-phase 60-cycle generator. The shaft of this 
generator drives in turn, through a reduction gear, 


Fig. 7. 


Air-cooled Aviation Engine with 
Built-in Supercharger 


a 2000-kw. 0.65-power-factor 2300-volt 3-phase 100- 
cycle 3000-r.p.m. generator. Each of the other two 
sets consists of a 4000-kw. turbine driving a 2500-kw. 
60-cycle generator and a 1400-kw. 100-cycle generator. 


SUPERCHARGER 


The centrifugal type of supercharger, which was 
originally developed for use in connection with air- 
plane engines for high-altitude flying, was embodied 
in a modified form intended for relatively low-altitude 
flight in a new type of air-cooled radial aviation 
engine. 

The supercharger, or rotary induction system, 
as it is now commonly known, is located between the 
carburetor and the intake manifold. In its latest 
form, it is built directly into the engine crank case 
(Fig. 7) and does not materially affect either the size 
or the weight of the engine. 

Its function is to draw gasoline and air through the 
carburetor and compress it sufficiently to overcome 
the normal pressure drop through the carburetor. 
This means that the mixture is delivered to the engine 
intake manifold at or slightly above atmospheric 
pressure. Engines of this class rated as high as 500 h.p. 
have been so equipped. 


MARINE EQUIPMENT 


As a result of the successful operation of a 13,000- 
ton self-unloader type of bulk freighter equipped with 
turbine-electric drive and electrical unloading equip- 
ment, which was put into service in July, 1925, a still 
larger ship of this class is now under construction. 

It will be the largest bulk freighter on the Great 
Lakes, with an over-all length of 637 ft. and a beam 
of 65 ft., and its entire equipment will carry out the 
most advanced engineering practice both in regard 
to the steam conditions and to the completeness of 
the electrification of its auxiliaries. 

The turbines will be supplied at 300 lb. pressure 
and a total temperature of 700 deg. F., and will 
operate on a vacuum of 281% in. These steam condi- 
tions represent a distinct advance both in regard to 
pressure and temperature for ships of this class. 

The power developed will be normally about 4200 
s.h.p., but the equipment is capable of giving a 


` maximum continuous output of 4800 s.h.p. 


The electric auxiliaries for use under way are 
driven from a motor-generator set which operates 
from the main unit, while the electric equipment for 
unloading cargo in port is driven directly from the 
main unit. Under way a variation in the revolutions 
per minute of the propeller is accomplished by 
varying the speed of the turbine. In port, the main 


. turbine will be run at constant speed, and, in case 


maneuvering is required simultaneously with the un- 
loading operation, variation in the propeller speed can 
be accomplished by means of resistance inserted in 
the propelling motor secondary circuit. 

Diesel-electric propelling equipment is under 
construction for three tankers of 7000 dead-weight 
tons each. These are single-screw ships and the 
generating equipment for each consists of three 525- 
kw. 250-volt direct-current machines driven by three 
850-b.h.p. engines, each generating unit being pro- 
vided with a 50-kw. direct-connected auxiliary gen- 
erator. The three main generators are normally 
operated in series and supply current to an 1800-s.h.p. 
90-r.p.m. 750-volt shunt-wound propelling motor. 

These ships were purchased from the United States 
Shipping Board by the Atlantic Refining Company, 
and were originally steam operated, but experience 
with similar craft provided with Diesel-electric drive 
resulted in the adoption of this method of propulsion. 

The control will be arranged for operation either 
from the pilot house or the engine room. All the 
auxiliaries will be electrically operated and will 
receive their current supply normally from the 50-kw. 
auxiliary generators, but a 35-kw. standby Diesel- 
engine-driven generator will be available for emer- 
gency and port service. 

The first Diesel-electric dredge on the Great Lakes, 
the Sandmaster (Fig. 8), was placed in service in 
May and is the most advanced vessel of her type in 
the world to-day. 
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Like the tankers just referred to, the Sandmaster 
was originally a United States Shipping Board craft 
and operated by steam, but her conversion to Diesel- 
electric drive permitted not only more economical 
operation of the propelling machinery but also 
rendered possible the most flexible arrangement and 
control of the large pumps and other auxiliaries 
required for the operation of a suction dredge. 
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Fig. 8. The Sandmaster, the Most Fowerful Diesel Electrically 


With an over-all length of 263 ft. and a beam of 
431% ft., the main machinery consists of two 600-h.p. 
engines with 400-kw. 240-volt direct-connected gener- 
ators which supply current to two 500-h.p. 130-r:p.m. 
motors that are direct-connected to the twin screws. 
Each of these driving motors can be controlled 
independently from either the pilot house or the 
engine room. 

The two main sand pumps are each electrically 
driven by a 400-h.p. 450-r.p.m motor and the two 
jetting pumps by 125-h.p. 1700-r.p.m. motors. Some 
idea of the effectiveness of this dredge can be gained 
from the fact that it is capable of handling 3000 
tons of sand per hour through a maximum pipe-line 
length of 8000 ft., and can build up a hill of sand 
90 ft. high at that distance from the source of supply. 

The auxiliaries, which are all electrically operated, 
include the steering-gear, anchor and mooring wind- 
lasses, etc., in addition to the main pumping units. 

A new 15-inch hydraulic dredge for.the U. S. Navy 
utilizes 3-phase 60-cycle alternating-current motors. 
The main dredge is equipped with a 600-h.p. 165/265- 
r.p.m. motor, and the cutter with a 75-h.p. 300/600 
r.p.m. motor. The main dredge motor operates at 
2200 volts, but 220-volt service is provided for the 
auxiliary equipment. 
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The most powerful dipper-dredge ever constructed, 
the Crest (Fig. 9), was placed in service and is now 
being used in rock removal work in New York 
Harbor. The primary power consists of two 600-h.p. 
Diesel-engine-driven generators and more than 1400 
h.p. in motors is required for the dredging operations. 
At present, 10-cu. yd. dippers are being used on 
account of the severity of the work, but in normal 
service buckets up to 15 
cu. yd. can be utilized. The 
pull on the dipper bail is 
350,000 Ib. or more than 
twice that of the largest 
size dredges used in the 
construction of the Panama 
Canal. 

Propelling equipments 
for four Diesel-electric fer- 
ries represented a greater 
power for this type of craft 
than has heretofore been 
used. 

These ferries are under 
construction for the South- 
ern Pacific R. R. Company 
and each of these double- 
ended boats will be 
equipped with tour 275-kw. 
direct-current generators 
individually driven by four 
450-h.p. engines, the two 
propellers being each 
driven by a 1250-h.p. 1000-volt double armature 
direct-connected motor. 

The control apparatus will be so arranged that the 
vessel may be maneuvered direct from either of the 
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Fig. 9. The Crest, the Most Powerful Diesel Electrically 
Operated Dipper Dredge 


two pilot houses or the engine room. The electric 
lighting system and all auxiliaries will be supplied - 
with current by the auxiliary generators. A standby 
auxiliary generator driven by a gas engine is provided 


Digitized by 
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for emergency Operation of the lights and principal 
auxiliary motors. 

Two tug-boats which are under construction at the 
Balboa shops for service on the Panama Canal will 
be the largest and most powerful Diesel-electric 


indicative of the most modern ‘arrangement of 
Diesel-electric propelling machinery (Fig. 10) for 
this type of craft. Each boat will be provided with 
two 270-kw. 265-r.p.m. 240-volt compound-wound 
generators (Fig. 11); each driven by a 400-h.p 


i 


Fig. 10 Arrangement of Diesel-electric Propelling Machinery for New York Central Tug Boats 


craft of their type, each having a maximum contin- 
uous rating of 900 h.p. and an over-all length of 150 ft. 

Two tugs, each 108 ft. long and 26 ft. beam, under 
construction for the New York Central Railroad, are 


Typical Generator for Diesel-electric 
Tug Boat 


Fig. 11. 


Diesel engine, the propelling motor being of the 
double-unit type (Fig. 12) rated at 650 h.p. 480 


volts and being normally operated by the two gen- 


erating units connected in series. 


Typical Double Propelling Motor for 
Diesel-electric Tug Boat 


Fig. 12. 
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Ship Auxiliaries 

The type of automatic mooring winch which was 
originally designed for marine service was successfully 
applied for mooring an airship to the Ford airmast 
at Detroit, and its satisfactory operation has resulted 
in the decision to equip the Scott Field mooring 
mast near St. Louis with a similar machine. 


Fig. 13. Single-geared Motor-operated Cargo Winch 


An electric automatic towing machine was installed 
on the tug William A. Lydon operating on the Great 
Lakes. 

The electrical equipment comprises a 50-h.p. motor, 
a contactor panel, and two master switches: one an 
automatic switch operated from the tension-responsive 
device in the mechanical gearing, and the other a 
manual switch. 

Improved operating characteristics were secured 
in the design of a new single-geared type of motor- 
operated deck winch (Fig. 13) having the advantage 
of an automatic accelerating control feature which 
limits the current used regardless of the manner in 
which the control handle is operated. A number of 
these new winches have already been placed in service. 

In previous types of deck winches, standard rated 
motors were employed and necessitated the use of 
double gearing. Therefore, at average cargo loads, 
the motor speed was quite high and involved con- 
siderable accelerating losses. Current consumption 
and peaks were also high. 

In the new winch, the driving motor is designed 
so that a minimum accelerating torque is required 
on average loads. Single-geared operation 1s therefore 
feasible and quicker acceleration and more rapid 
cargo handling is secured with a reduction in the 
amount of current consumed. Due to the relative 
mechanical simplicity, there is also effected a saving 
in weight and the deck space required for installation. 
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The master switch for the control of the winch 
provides four points rheostatic hoisting and five points 
power and dynamic braking lowering. The motor 
keeps pace with the control handle, and even an 
untrained operator does not have to spend a long 
time in getting the “feel” of it. 


ELECTRIC RAILWAYS 


Requirements for new car equipment for the 
electric railways of the country indicated a marked 
improvement in this branch of the industry. In 
practically every case, the new equipment now being 
placed in service is of the light-weight type, taking 
advantage of improvements in manufacturing methods 
and of the reduced operating costs thereby secured. 
For both city and suburban service four-motor light- 
weight cars are being equipped, as the service condi- 
tions require, with either 25- or 35-h.p. motors and 
platform type control. 

Evidence of continued activity in the electric rail- 
way field was indicated by the country-wide distribu- 
tion of the various rehabilitation programs undertaken. 
In Georgia, the Georgia Railway and Power Company 
added 60 new four-motor equipments to its city 
rolling stock, making a total of 120 units of this 
modern type of car on the system. The United Electric 
Railway of Providence is now operating 185 cars 
with this equipment, and in Memphis 72 similar 
cars were placed in service. In Arkansas, the Arkansas 
Central Power Company is using 30 new cars of the 
light-weight safety type using two 25-h.p. motors 
each. The Hodenpyle-Hardy Company, after a study 
of three experimental equipments in Grand Rapids, 
placed in service 27 additional cars on the Grand 
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Fig. 14. Light-weight Car Operating on the Youngstown-Newcastle 
Line of the Pennsylvania-Ohio Electric Company 


Rapids Railways and 33 cars with similar equipment 
on its Evansville, Nashville and Chattanooga lines. 
In Dallas (Texas) a second lot of 30 light-weight cars 
equipped with four 35-h.p. motors replaced older 
equipment. The Milwaukee Railway and Light Com- 
pany is now using 40 new four-motor cars with 25-h.p. 
motors. 
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The Chicago City Surface Lines provided 100 new 
equipments using four 60-h.p. motors with the modern 
light-weight contactor type control. The operation of 
this type of control was the subject of very favorable 
reports in Chicago where 200 cars are now in opera- 
tion, and on the Key System at Oakland (Calif.) and 
on other roads. In Philadelphia, 50 of these new 
equipments were placed in service. 
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Fig. 15. 


The first road to adopt the standard A.E.R.A. 
light-weight car was the Berkshire Street Railway, 
Pittsfield (Mass.), which has under construction 
12 new cars built to these standard specifications 
with an equipment of four 35-h.p. motors, air 
brakes, headlights, compressor and platform type 
control. 

Detailed operating data giving comparative figures 
on the cost of operating and maintaining light-weight 
cars, as compared with older equipment, were pub- 


Fig. 16. Light-weight Double-truck Car Equipped with 
New Type of Magnetic Track Brake 


lished in a report of the American Electric Railway 
Association during the year.) These figures should 
be helpful to other companies endeavoring to reduce 
operating expenses. One of these companies which 
made a particularly good showing under difficult 
conditions is the Penn.-Ohio Railway (Fig. 14) which 
was awarded the Coffin prize for the year. 


(1) Aera, July, 1926, p. 911. 


After a thorough try-out of the three-car articu- 
lated units designed for heavy subway and elevated 
service, the Brooklyn-Manhattan Transit Corporation 
installed 67 of these units provided with 134 air 
controls, two on each three-car unit, and 268 200-h.p. 
motors. 

Each of these units (Fig. 15) is 137 ft. long and 
consists of three car bodies mounted on four trucks. 
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Three-unit Articulated Car in Service on Brooklyn-Manhattan Transit Corporation Lines 


Each three-section unit will seat 160 passengers. 
With a four-unit train of these cars, as many as 2000 
passengers can be handled at one load. 

New devices for electric railway operation brought 
out during the year include a light-weight platform 
type controller having a capacity for handling four 
50-h.p. motors. Its weight, 148 1b., is a marked reduc- 
tion from that of designs formerly used. 

Another new device which has already found exten- 
sive use in connection with the platform type controller 
is a handle for actuating the auxiliary line breaker 
which is usually included with this type of control. 

A newly designed air compressor for 1500-volt 
operation was adopted for the motor-car equipments 
of the Illinois Central Railroad. The frame of this 
compressor embodies the three-point suspension 
feature, similar to that used on smaller units. 

A new magnetic track brake was placed in service 
on cars operated by the Buffalo and Erie Railway 
Company (Fig. 16) and also the Kentucky Traction 
and Terminal Company. This device consists of a 
set of shoes suspended in pairs from special truck 
attachments. These shoes are normally carried 
about two inches above the rails, and when brake 
application is made they are lowered to the rail by 
small vertical air cylinders. 

It is not intended to use these brakes for service 
applications, but only to supplement the emergency 
air brake operation. Their use is particularly effective 
under bad rail conditions, and tests have shown that 
a car can be stopped on a slippery rail in approximately 
the same distance by the use of this brake in 
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conjunction with the air brakes as on a dry rail with 
the air brakes alone. Each shoe exerts a horizontal 
retarding force of approximately 1200 lb. 

-- When an emergency air brake application is made, 
the magnetic brake shoes are lowered to the rail 
and at the same instant current is taken direct from 
the trolley to magnetize them. The circuit is opened 
and the magnetic brake releases instantly upon the 
release of the air brake and will release independently 
of the air brake after a few seconds unless the operator 
holds his application valve open. 


Steam Railroad Electrification 

Renewed activity in railroad electrification was 
shown in the United States by new work and exten- 
sions by several companies. One of the most important 
of these is the Great Northern Railway which is 
pushing forward an electrification project covering 
a distance of 80 miles from Skykomish (Wash.) to 
Wenatchee. By the time this division is ready for 
electrical operation, the new 734-mile tunnel under 
the Cascade Mountains will be completed and the 
present three-phase electrification through the Cas- 
cade tunnel discontinued. 

Two locomotives are being built for this project; 
the total weight being 250 tons each with 200 tons 
on the driving wheels. Power is received through a 
pantograph from an 11,000-volt single-phase 25-cycle 
supply and transformed to direct current through a 
three-unit motor-generator set having a nominal 
rating of 2500 kw. There are six driving motors each 
connected to an axle through twin cushion-type gears. 
Regenerative electric braking will be used for the 
first time on this type of locomotive. 

Two frequency-changer substations will convert 
the 60-cycle supply as received from the Washington 
Water Power Company to 25 cycles for supplying 
the single-phase trolley. Three 7500-kv-a. units will 
be used for this purpose. 

A very interesting electrification project is being 
put through by the Anglo-Chilean Consolidated 
Nitrate Corporation, at Tocopilla (Chile). The present 
section of steam road being changed over is 40 km. 
in length and passes through an exceedingly dry desert 
country. There are now under construction for this 
project five 66-ton locomotives. Power will be sup- 
plied at 1500 volts direct current from two 1500-kw. 
substations and provision has been made for 
regenerative electric braking on the down grades. 
The maximum grades are 4 per cent and the track 
gauge is 42 in. The principal traffic is hauling 
nitrate from concentration plants to the port of 
Tocopilla. 

The fact that it never rains in this part of the 
country and that all water has to be transported for 
some distance, or distilled from sea water, gives the 
electric locomotive a considerable advantage over 
steam engines. 
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Power is transmitted from an oil-engine station a 
distance of about 40 km. in addition to the line 
paralleling the electrified tracks. The transmission 
line potential is 33,000 volts, 60 cycles, 3 phase. Each 
substation will contain two 750-kw. 1500-volt syn- 
chronous motor-generator sets with full automatic 
control. The equipment also includes supervisory 
control under the direction of a load dispatcher at 
the power station. 

The electrification of the Illinois Central suburban 
lines south of Chicago was completed in July, 1926, 
and the operation of the equipment has been reported 
entirely satisfactory. On this road, for the first 
time in this country, power was supplied by mercury 
arc rectifiers. 
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Fig. 17. A Two-unit Train on the Electrified Suburban Section 
of the Illinois Central Railroad 


The suburban business of this railroad (Fig. 17) 
constitutes about one-third of all the suburban 
passenger traffic in Chicago. At the present time, 
about 87,000 suburban passengers are handled every 
week-day on 418 trains and it is predicted that this 
trafic will increase to more than 100,000 passengers 
daily in the neat future. 

An important feature of the distribution system 
is the use of high-speed circuit breakers throughout. 
This includes positive and negative machine pro- 
tection, and installation in substation feeders and at 
cross-tie and sectionalizing locations. In the machine 
and feeder service manually controlled breakers are 
used, while at cross-tie and sectionalizing points 
automatic reclosing breakers are used. The functioning 
of these breakers during the initial operation of the 
electric zone indicates that the Illinois Central has 
attained the highest degree of protection yet afforded 
a railway distribution network as well as an economical 
tie-in of the several feeders. 
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Extensions to the present electric zone of the New 
York Central Railroad around New York City and 
increasing traffic required additional equipment for 
this Company. During the year a new electrified 
section was opened on the Putnam Division between 
High Bridge and Yonkers using multiple-unit cars 
which are duplicates of those operating on the present 
terminal division. Ten car equipments, consisting of 
200-h.p. motors and pneumatic type controls, du- 
plicates of those previously used, were placed in 
service. For supplementing the motive power for 
passenger work, ten 130-ton gearless locomotives, 
similar to those which have been in service since 1916, 
were placed in operation the latter part of the year. 
Freight and switching locomotives which were under 
construction, in preparation for the electrification of 
the West Side tracks, were also placed in service. 


These include two freight locomotives weighing 170' 


tons each (Fig. 18) and seven switching units weighing 
100 tons each. 
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struction equipment for a 2000-kw. 250-volt syn- 
chronous-converter unit -at 43rd Street. The power 
supply will be augmented by the installation of a 
20,000-kw. turbine-generator set at the Glenwood 
Station. | 

An interesting study of the results of railroad 
electrification was issued in the form of a report by 
the Spanish Northern Railway. The engineering 
staff of this Company prepared a comparative state- 
ment based upon experience with both steam and 
electric locomotives on the Pajares grade. The 
electrified lines (Fig. 19) include a total of about 39 
miles, a large part of which is on a 2 per cent grade. 
The larger part of the tonnage is hauled in the up- 
grade direction. Significant statements included in 
this report are: 

(1) A 55% saving on the cost of electric power as 

compared with coal. 
(2) A reduction of 40%. in the number of engine 
miles for the same traffic handled. 
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Fig. 18. 170-ton, Two-unit Freight Locomotive in Classification Yard of the New York Central Railroad Company 


The increased power demands for traction work 
in the electric zone required additional substation 
equipments at several points. This new power was 
obtained by the installation of new automatic stations 
midway between the older stations and additional 
units in the existing manually controlled substations. 

Automatic stations on this system now operating 
are as follows: 


. 110th Street....... Two 2000-kw. synchronous motor gen- 
erators é 
Scarsdale......... One 2500-kw. synchronous converter 
Wakefield......... One 2000-kw. synchronous motor gen- 
erator 


And at the following points installations which 


will not be completed until sometime in 1927: 


Harmon.......... Two 2500-kw. synchonous converters 
Hastings..........One 2500-kw. synchonous converter 
Phillipse Manor. . . One 2500-kw. synchronous converter 


At the following older stations new manually con- 
trolled units are being installed: 


50th Street....... One 4000-kw. synchronous converter 
Mott Haven...... One 4000-kw. S a 
White Plains...... One 2500-kw. i = 
Ossining.......... One 2500-kw. e a 


To take care of the increased requirements for 
light and power, this Company has also under con- 


(3) A saving of 7314% in the cost of repairs and 

upkeep for locomotives. 

(4) A saving of 63% in crew expense. 

(5) A reduction of 31% in the cost of moving a 

ton-kilometer of freight. 

On account of the authoritative nature of these 
figures, they are being studied with great interest 
by railway men in all parts of the world.‘ The equip- 
ment for this electrification provided in 1924 includes 
six 90-ton 3000-volt locomotives, two complete 3000- 
kw. substations, and trolley and transmission line 
material for the entire 39 miles of road. 

In connection with the electrification of its lines 
between Philadelphia and Wilmington, the Penn- 
sylvania Railroad is securing motor and control 
equipment for four 200-ton locomotives (Fig. 20) 
and for 30 single-phase multiple-unit cars. The loco- 
motives are þeing built by the railroad company. 

The motors are designed to operate either on 
alternating or direct current, but for the present the 


(2) Further information, from the same source, concerning the operating 
era of this electrification is given in the article “The Electrification 
of the panish Northern Railway Reduces rt el Costs,” by W. D. 
Bearce, GENERAL ELECTRIC REVIEW, Dec., 1926, p. 855. A 
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locomotives will be used in passenger service on the 
600-volt direct-current terminal division between 
New York and Manhattan Transfer. Each locomotive 
will be equipped with four motors, two being geared 
- to a jack shaft and side rods at each end of the unit. 
When these locomotives are equipped for alternat- 
ing-current operation, the rating with the 95/53 gear 
ratio used for passenger service will be as follows: 


Speed at continuous rating. .:.6. 6.66666 taar 50.5 m.p.h. 
Tractive effort at continuous rating.......... 21,500 lb. 
OR BE ear REG ios i xcs AA 45.6 m.p.h. 
Tractive effort at l-hour rating.............. 25,200 lb. 


With the 118/30 gearing, which will be used for 
freight work, the rating will be as follows: 


Speed at continuous Tating ..ic.oniosiniici. 23 m.p.h. 
Tractive effort at continuous rating.......... 47,300 lb. 
Sped- -At Lshour Tung, 5 6 isicr oras o ATESA 21 m.p.h. 
Tractive effort at l-hour rating.............. 55,000 Ib. 
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Fig. 19. 


Each of the new car units will be equipped with 
two single-phase commutator type motors, pneumatic 
type control arranged for double-end operation and 
an 11,000-volt step-down transformer. The motors 
will be cooled by an external blower and have a 
normal continuous rating of 200 h.p. and a one-hour 
rating of 225 h.p. The gear reduction is 55/24 using 
flexible type gears. The control provides for the opera- 
tion of two 225-h.p. motors when operating on a 
25-cycle 11,000-volt single-phase trolley. Specifica- 
tions call for operation in train with the present 
multiple-unit equipments on the Paoli division. 

The master controller will have three steps: viz., 
switching, low-speed and high-speed operation. Auto- 
matic acceleration is obtained between these points. 
The control equipment is designed to operate at 32 
volts, but will function satisfactorily at any battery 
potential between 20 and 45 volts. For supplying 
direct current for lights, control and for charging a 
storage battery, a small motor-generator set is used 
having a 110-volt single-phase motor and a 1-kw. 
40-volt generator. 
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Increasing business on the New York, New Haven 
and Hartford Railroad, particularly in the electric 
zone, necessitated new equipment, a part of which 
was under construction a year ago. The locomotives 
placed in service are of the motor-generator type 
(Fig. 21), taking power from the 11,000-volt trolley 


and transforming it to direct current, which is utilized 


in standard railway type motors. Five of these 
freight locomotives, weighing 140 tons each, and two 
switching locomotives of a similar design, weighing 
100 tons each, are now in operation. 

To supply requirements for additional power, the 
New York, New Haven and Hartford Railroad Com- 
pany arranged for the construction of a new substa- 
tion at Devon near New Haven which will contain 
two 5000-kw. variable-ratio frequency-changer sets 
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90-ton, 3000-volt Direct-current Locomotive Hauling Freight on the Spanish Northern Railway 


through which power will be purchased from the 
Connecticut company to supply the New Haven 
end of the electric zone. These sets are of the 
Sherbius control type and are particularly adaptable 
to this service, supplying a flexible link between 
systems of different frequencies rather than the rigid 
link which is unavoidable with frequency-changer 
sets of the usual type. 

Experience with the oil-electric locomotive, several 
of which were placed in service in 1925, was uniformly 
successful as is indicated by the fact that there are 
now in service eleven 60-ton units and three 100-ton 
units. While most of these are assigned to railway 
work, one of the 60-ton units is being used by the 
Inland Steel Company in industrial work and a 100- 
ton unit (Fig. 22) is making a very successful record 
in the lumber industry. 

The first of this type of locomotive to be used for 
road service will be those now under construction 
for the New York Central Railroad (Putnam Divi- 
sion). One of these is equipped with a 750-h.p. Inger- 
soll-Rand oil engine for freight service and another 
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with an 880-h.p. McIntosh and Seymour engine for 
passenger service. A third unit for this same Com- 
pany, weighing about 120 tons, is being equipped with 
a 600-h.p. Nelseco engine, and a fourth unit also 
weighing about 120 tons will be a combination oil- 
electric storage-battery third-rail locomotive having 


es > 

AT 
ter ‘ 
diner 
AN 
= 


_— 


adaptation of the engine to the use of distillate fuel. 
Provision was made on these cars for starting with 
gasoline and then automatically switching to the 
cheaper fuel during the larger period of their oper- 
ation. When the engine is idling, however, it reverts 
to the gasoline supply. 
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Fig. 20. 


200-ton Locomotive for the Pennsylvania Railroad Designed for Operating on Either 


Direct- or Alternating-current 


Fig. 21. 11,000-volt Motor-generator Freight Locomotive for the 


New York, New Haven & Hartford Railroad 


While most of these cars use a single engine and 
generator, it is possible to use two units, thus doubling 
the amount of power available. A car of this type is 
being used on the Seaboard Air Line (Fig. 23) where 
the power demands exceed the limitations of a 
single unit. 

A novel application of this type of gas-electric 
drive is used in combination with a storage battery 
on a locomotive utilized for switching service in the 
Chicago and Northwestern Railway Company’s 
yards. This locomotive (Fig. 24) weighs approxi- 
mately 110 tons and is equipped with a storage 


Fig. 22. 


a 300-h.p. Ingersoll-Rand oil engine and a powerful 
storage battery. These last two units will be used in 
the lower West Side Yards in place of existing steam 
equipment. 


Gas-electric Motor Cars 

There have now been built for the various steam 
railroads of the country approximately 120 gas- 
electric motor-car equipments with the main generator 
direct connected to a six-cylinder gasoline engine, 
two-geared railway motors and necessary control. 

An interesting feature of the gas-electric equip- 
ments for the Boston and Maine Railroad was the 


A 100-ton Oil-electric Locomotive Adopted for Freight Haulage in the Lumber Industry 


battery of sufficient size to handle a normal switching 
service during the day. At night it is expected that 


it will be recharged from the power company’s ~~ 


supply. 

This unit differs from the ordinary storage-battery 
locomotive in that it is equipped with an auxiliary 
gas-electric generating set which will be used in 
emergency to assist in operating the locomotive or, 


_when the locomotive is idling, to help recharge the 


batteries. @) 


_ (3) Further information concerning this locomotive is given in the 
article ‘Unusual A ype of Storage Battery Locomotive with Gas-electric 
a ile by W. D. Bearce, GENERAL ELECTRIC REVIEW, Nov., 1926, 
p. 762. 
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Gas-electric Buses 

The use of gas-electric transmission equipment for 
heavy city buses met with continued favor, particu- 
larly with electric railway operators who are familiar 
with the reliability of the electric motor. Its popu- 
larity is attested by the fact that, where a total of 
about 250 equipments were in service a year ago, 
. there are now in actual operation about 1000 buses 
using this type of drive. 
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The following official performance record is indica- 
tive of the dependability of the gas-electric drive: 


“On the day of the Dempsey-Tunney fight we had in 
operation our entire fleet of 362 buses, carrying approx- 
imately 150,000 passengers and did not have a single 
‘Pull-in.’ This includes not only our entire city operation, 
but also inter-city buses which operate from Phila- 
delphia to Atlantic City, New York, Wilmington, 
Baltimore, Washington and even over the Pennsyl- 
vania mountains to Niagara Falls.” 


e TS t , 
> i - - 
ÓN - TS 
> i ES 
Pd 


7 dw p L- at? . e . : —- oe. FS m A NI | 
A AAA A e ~-: , 


> ¿rn j 


Fig. 23. Gas-electric Motor Car Hauling Two Trailing Passenger Coaches on the Seaboard Air Line 


The Philadelphia Rural Transit Company operating 
in Philadelphia was the first to adopt electric drive 
on a large scale and now has its entire fleet so equipped. 


Fig. 24. 110-ton Combination Storage Eattery Locomotive for 
Switching Service in the Yards of the Chicago and 
Northwestern Ry. Co. 
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Typical Gas-electric Bus Used by the Public Service 
Transportation Company of New Jersey 


Fig. 25. 


An interesting application made by this Company 
is the adoption of gas-electric drive for snow plows, 
of which 15 will be in operation this winter. While 
this Company originally planned to use buses in 


Philadelphia only for congested traffic, the field * 


has now been broadened to include interurban 
trafic to Baltimore, Washington and New York, 
and a fleet of touring buses to more distant points. 


Another large user is the Public Service Company 
of New Jersey (Fig. 25) which has nearly 400 buses 
in service. The present distribution of this type of 


Fig. 26. 


Typical Gas-electric Bus Used by the Capital District 
Transportation Co., Albany, N. Y. 


- equipment in other parts of the country is as. 
follows: ` 
Troy and Albany, N. Y. (Fig. 26)..............49 
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A complete line of motors and generators for both 
four- and six-cylinder engines and for single- and 
two-motor drive was standardized. ; 
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WATERWHEEL GENERATORS 


While the development of hydro-electric systems 
was overshadowed by the enormous expansion which 
occurred in the steam-driven equipment of the public 
utilities, the aggregate capacity of waterwheel 
generators produced was greater than in 1925. 
At the close of the year there had been completed, or 
were under construction, more than 30 units rated 
at 10,000 kv-a. and above. 

There was a notable increase in the use. of the 
spring-type thrust bearing, especially for the larger 
units, and a more general adoption than heretofore 
of a closed system of air circulation (Fig. 27) whereby 
the heated air is passed through water-cooled radiators 
and recirculated. In many cases, steel-plate construc- 
tion was utilized (Fig. 28) in both rotor and stator 
in order to minimize the use of the heavy castings 
heretofore characteristic of this type of generator. 

Among the larger machines completed were three 
37,500-kv-a. 12,000-volt 60-cycle 120-r.p.m., vertical- 
shaft units for the Cherokee Bluff Station of the 
Alabama Power Company; and two 33,000-kv-a. 
11,000-volt 60-cycle 360-r.p.m. units for the Sao 
Paulo Light and Power Company of Brazil. These 
latter were horizontal-shaft machines, and at the 
time of their completion were the largest of their 
type. 
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Fig. 27. Stator of Large, Modern Horizontal Waterwheel Generator, 
Showing Arrangement of Casing for Closed System of Ventilation 
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Under construction there were eight 12,550-kv-a. 
14,000-volt 100-r.p.m. units for the Louisville (Ky.) 
Gas and Electric Company; two 25,000-kv-a. 13,200- 
volt 450-r.p.m. units for the Tallasee Power Company 
for installation at the Santeetlah Development at 
Badin (N. C.); two 30,000-kv-a. 11,000-volt 300- 
T.p.m. units for the Washington Water Power Com- 


pany of Spokane (Wash.); and four 40,000-kv-a. 
13,800-volt 81.8-r.p.m. units for the Conowingo 
Development of the Susquehanna Power Company. 
All these are 3-phase 60-cycle vertical-shaft machines. 

There were also two horizontal-shaft machines 
rated 25,000 kv-a., 11,000 volts, 450 r.p.m. for the 
Buck's Creek Power Station of the Feather River 


Fig. 28. Typical Rotor of Large, Modern Waterwheel Generator, 
Showing the Extent to which Steel Plate Construction is Used 


Power Company; and two rated 13,000 kv-a., 12,000 
volts, 500 r.p.m. for the Tashiro No. 2 Station of the 
Tokio Denryoku of Japan. 

Two 20,000-kv-a. 11,000-volt vertical-shaft units 
for the Komaki Station of the Nippon Electric 
Power Company of Japan were designed for delivering 
either 50-cycle current at 167 r.p.m. or 60-cycle at 
200 r.p.m. 


SYNCHRONOUS CONDENSERS 


Three 50,000-kv-a. 600-r.p.m. 50-cycle synchronous 
condensers were under construction for the Southern 
California Edison Company. They will be not only 
the largest machines of their type but will have higher 
efficiencies than have heretofore been secured with 
this class of apparatus, the total calculated losses 
being only 12% per cent. 

They are to be utilized for voltage regulation at the 
receiving end of the 220,000-volt Big Creek lines. 
They will have a net unit weight of over 380,000 1b. 
and will be provided with a closed system of ventila- 
tion similar to that used on large turbine and water- 
wheel generators. This method of cooling has been 
applied to some relatively small condensers but this 
will be its first application to machines of record 
size. 
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SYNCHRONOUS CONVERTERS 


Three synchronous-converter equipments, utiliz- 
ing an interesting method of control, were supplied 
to the Societe Generale Metalurgique de Hoboken, 
Belgium, each set consisting of a shunt-wound con- 
verter rated 915/1840 kw., 250 r.p.m., 87/175 volts 
and designed for a continuous output of 10,500 
amp. throughout a voltage range of 87 to 175 volts, 
and an oil-insulated self-cooled transformer rated 
2055 kv-a. 6600-130 volts. 

These equipments are unique in that the direct- 
current voltage range of the converters is obtained 
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Fig. 29. Tap Changing Mechanism Installed on Transformer for 
the Control of a Synchronous Converter 


by varying the turn ratio of the transformers (Fig. 
29) and the excitation of the converters. The high- 
voltage winding of each transformer is equipped with 
taps to give on the low-tension side a range in voltage 
of 66 to 130 volts in eight approximately equal steps. 
Each transformer is equipped with a tap changing 
mechanism to permit transferring from one tap to 
the other while the equipment is operating under 
load. Direct-current voltage control between the 
voltages corresponding to the transformer tap voltages 
is obtained by the field control of the converter. 


MERCURY-ARC POWER RECTIFIERS 


During the year several installations of steel-tank 
mercury-arc rectifiers were made in the United 
States. 

The superior efficiency of this device (Fig. 30), 
especially at the higher voltages and also on light- 
load service, makes its adaptation particularly 
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attractive to railway power users. The installations 
which were completed include the following: 


United Traction Co......... One 500-kw. set, 600 volts 
Commonwealth Edison Co... One 1500-kw. set, 1500 volts 
Public Service Co. of Northern 
Illinois. .......... A 
Chicago, North Shore and 
Milwaukee............... 


One 1500-kw. set, 1500 volts 


One 1000-kw. set, 600 volts 

(Automatic) 

Chicago, South Shore and 
South Bend.............. One 1500-kw. set, 1500 volts 

(Automatic) 

Chicago, South Shore and 
South Bend.............. Three 750-kw. sets, 1500 volts 


(Automatic) 


Fig. 30. 


750-kw., 1500-volt Mercury Arc Power 
Rectifier Designed for Railway Service 


The last four units mentioned are provided with 
control equipment for complete automatic opera- 
tion. 

Although this device has not been in operation 
for a sufficient length of time to justify any 
claims of long life, its performance during the year 
has been sufficiently satisfactory to warrant the 
prediction of its extensive application to railway 
service. 

In addition to those installed and operating, there 
were under construction a 1000-kw. 600-volt set 
for the Columbus Railway Light and Power Company; 
two 500-kw. 600-volt sets for the Philadelphia Rapid 
Transit Company; two 1000-kw. 600-volt sets in 
one station for the Duquesne Light Company; and 
a 1500-kw. 1500-volt set for the Portland Electric 
Power Company. This last unit will supply power to 
the 1500-volt railway lines of the Southern Pacific 
Company. 
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MOTORS 
A new type of mill motor, designed especially for 


electric shovel and steel mill service, was being devel- 


oped in sizes from 5 to 200 h.p. at standardized 
speeds. In the larger sizes (Fig. 31), inbuilt fans are 
to be provided to secure higher continuous ratings 
than would otherwise be possible. Roller bearings 
were standardized for the new line, but sleeve bear- 
ings may be used. 

In addition to the standard open motor, a protected 
type was being developed which in most cases will 
serve the purpose of the ordinary totally-enclosed 
type of motor but will have a considerably increased 
continuous capacity as compared with a similar 
sized motor of the usual enclosed type. 

A new line of direct-current totally-enclosed motors 
is known as enclosed fan-cooled motors inasmuch as 
ventilating air is drawn into the end shields by fans 
external to the parts enclosing the windings and the 
core of the machine. The advantage of such motors 
(Fig. 32) is the ability to increase the output for a 


Fig. 31. 


Motor Designed for Electric Shovel 
and Steel Mill Service 


given size as compared with the ordinary totally- 
enclosed type of machine. On certain low-speed units, 
the increase amounts to about 50 per cent, and on 
moderate-speed and high-speed machines the ratings 
possible with ordinary forms of enclosures are greatly 
exceeded. 

The brush-shifting alternating-current adjustable- 
speed commutator type of motor was re-designed so 


that it is now possible to operate with a continuous 


rating at low speed as well as at high speed. The low 
speed of these machines is now about one-third of 
the previous maximum speed. 

A gearless-traction elevator motor (Fig. 33) of 
novel design is rated 40 h.p. at 123 r.p.m. on a one- 
hour basis and is designed particularly for operating 
elevators with 2:1 roping, although it will be used 
also on very light capacity elevators with 1:1 roping. 
The holding brake and the rope sheave and brake 
wheel are built in as an integral part of the motor. 

Fabricated welded construction was used as far 
as possible; the only castings being the armature 
spider, the sheave and brake wheel, which are cast 
in one piece, and the brake shoe. Every other part 
of the motor consists of plate stock or structural 


shapes bent to the proper form and welded together. 
The armature turns on roller bearings and rotates 
about a stationary shaft which is-rigidly clamped in 
two upright pedestals which are also made from plate 
stock welded together. 

A new electric phonograph motor has a rotating 
element consisting of a copper disk six inches in 
diameter, which runs on a vertical shaft, the upper 
end of which carries the turn-table. As the motor 
runs at turn-table speed, no gearing is required, aside 


Fig. 32. Direct-current Totally Enclosed Externally 


Ventilated Motor 


from the conventional worm wheel and worm drive 
for the governor. The latter is of the centrifugal type 
and provides very close speed regulation. 

The motor (Fig. 34) has two sets of electro-magnetic 
elements which produce ample torque. These elements 
are located symmetrically on opposite sides of the 
shaft, thus balancing out vertical vibration in the 
rotor. The standard motor operates on alternating- 
current frequencies of 50 to 60 cycles. 


Fig. 33. Commutator End View of Gearless 
Traction Elevator Motor 


A new type of self-starting synchronous motor was 
developed for use as a timing element in demand 
meters and also for application to miscellaneous time 
switches, traffic timers, etc. It is similar in general 
appearance to the customary induction-disk motor, 
having a disk type rotor which revolves between the 
poles of stationary electro-magnets. The synchronous 
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operating characteristic is obtained by means of a 
series of small iron poles pressed into the disk near 
its circumference. These poles move through the 
air gap between the stationary poles and lock into 
synchronism with the alternating flux. 

A very small synchronous motor of this type (Fig. 
35) is used as the timing element in a compact form 
of demand meter and is probably the smallest electric 


Fig. 35. Disk Type Synchronous 
Motor with Output of Less Than 
One-millionth Horse Power 


Fig. 34. Induction Disk Phonograph 
Motor Showing Switch Operated 
by Automatic Stop 


motor built for actual commercial use, having a 
height of only two inches and a weight of four ounces. 
Its output is less than one-millionth horse power. 


MOTOR CONTROL 
. A complete new line of drum switches (Fig. 36) 
for both alternating-current and direct-current motors 
embodies a greater amount of standardization and 
interchangeability of parts than has ever before been 
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Fig. 36. Internal Appearance of Typi- 
cal Standardized Drum Switch 


Fig. 37. Time Release Attach- 
ment for Compensators 


achieved. They are provided with conduit connec- 
tions and wood or other inflammable material has 
been eliminated from their construction. Various 
types of operating mechanisms are interchangeable, 
the contact fingers are self-aligning, and the mech- 
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anism is arranged so that the contact pressure is 
constant throughout the life of the tip. 

A low-voltage time-release attachment (Fig. 37) 
designed for use with hand compensators can be 
applied to existing compensators to furnish an under- 
voltage trip of the latch that holds the hand com- 
pensator in the closed position. It prevents the trip- 
ping of the compensator until approximately 11% sec. 
have elapsed after the failure of voltage. As most dips 
in voltage, met with under ordinary circumstances, 
are of shorter duration than 11% sec., this device 
prevents the costly delays and shut-downs due to 
short interruptions in voltage which trip compensators 
equipped with the ordinary undervoltage tripping 
device. 

In order to provide the time-delay feature on 
magnetic apparatus, a time-delay push-button station 


Fig. 38. Magnetic Controller Equipped with 
Definite Time Acceleration Device 


was developed. Upon failure of voltage, a small 
mechanical escapement within this special push- 
button case starts to function, and, if the voltage 
is not restored within 11; sec., the holding circuit is 
opened and the control apparatus goes to the “off” 
position. If the dip in voltage lasts for less than 14% 
sec., the control device is automatically returned to the 
running position and allows the motor to continue * 
to operate. This time-delay device will undoubtedly 
prove of value in those applications where a motor 
shut-down due to a momentary failure of voltage 
results in the loss of production or an inferior quality 
of product. 

Numerous devices to provide definite time for accel- 
eration were designed for both alternating-current 
and direct-current magnetic controllers. In one form 
(Fig. 38) a solenoid puts spring tension on a shaft 
which at different angles of rotation closes successive 
contacts, short-circuiting blocks of resistance in the 
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motor circuit. These fingers are retarded in their 
closing by means of an escapement mechanism, the 
pendulum of which is adjusted for different time 
intervals. Relays using this same principle have 
fingers which close control circuits to contactors 
which successively short circuit blocks of resistance 
in the rotor circuits of slip-ring induction motors. 
The first self-contained 2200-volt hand-operated 
compensator of the safety-first dead-front type was 
built in ratings from 20 to 700 h.p. In addition 
to the dead-front feature providing the highest 
degree of safety to the operator, high-current carrying 
and interrupting capacity is provided with time-delay 
under-voltage release, and temperature-overload pro- 


Fig. 39. Controller for Synchronous Motor 
Provided with Semi-automatic Equipment 


Fig. 40. 


31-point Drum Controller 
for the Speed Regulation of Slip- 


efficiently requires that the proper proportion of fuel 
and air be maintained at all times and that the draft 
fans be capable of accurate adjustment to changes in 
fuel feed. The value of this is evident when we realize 
that the cost of fuel represents more than half the 
cost of electricity as generated by the modern steam 
plant. The new switch was made in both 150- and 
300-amp. sizes with either alternating-current or 
direct-current pilot motor for remote control. Because 
of the large physical dimensions of the 300-amp. size, 
only the 150-amp. size was designed for manual 
operation. 

For cases where the 50 per cent speed reduction 
obtainable with one slip-ring motor is not sufficient, 


Fig. 41. 


10-circuit, 3-wire Battery 
Charging Panel 


ring Motor 


tection for the motor. This type is becoming 
necessary due to the increase in the size of power 
systems and the possibilities of heavy short-circuit 
currents. 

New semi-automatic devices developed for hand- 
operated equipments provide the protective features 
(Fig. 39) of full automatic controllers. The starting 
of a synchronous motor 1s thereby made just as simple 
as the starting of a standard squirrel-cage motor 
by means of the hand compensator; the opening 
and closing of the field circuit at the correct time in 
the starting cycle being taken care of automatically. 

A 31-point drum switch (Fig. 40) resulted from 
an increasing demand by central station operators 
for finer speed adjustment of slip-ring motors applied 
to forced-draft and induced-draft fans. To burn fuel 


a double-motor drive using two motors of different 
speeds is commonly applied and one of these 


switches can be adapted for use with the two motors. 


It is also possible for such a double-motor drive 
to use two of these 31-point switches, one for each 


- motor, mounted on a common support and controlled 


from a common pilot motor to provide 59 speed 
points with a 4:1 speed range. 
‘ Complete lines of sectional battery-charging panels 
(Fig. 41) were developed for charging batteries of 
either the nickel-iron or lead-acid types and for 
charging by either the constant-current or constant- 
voltage systems. 

A new network protector (Fig. 42) provides within 
one cabinet all the necessary apparatus for reverse- 
power protection between the low-tension side of 
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distributing transformers and a network system of 
power distribution. Sensitive relays control a mag- 
netic contactor and provide for interrupting the 
circuit between the transformers and the network 
system in case of reverse power. The switch will 
not close again until the transformer voltage is 
slightly higher than the network voltage. The device 


Fig. 42. Network Protector Designed for Subway Use 


was designed for subway use and the case is air, gas, 
and water tight. An external handle provides for hand 
operation in emergencies. 

A new type of control panel for large alternating- 
current printing press equipments provides 18 
steps of speed adjustment per phase with a total 
of 55 speed points for accurately controlling the 
speed of printing press motors in 75-h.p. sizes and 
larger. 

In the compressor field there was a marked trend 
toward the starting of synchronous-motor-driven 
air compressors, and ammonia compressors, by 
automatic-control apparatus through push buttons or 
.by pressure governors. Unloading devices are used 
to keep the compressors unloaded until the motor 
attains speed. This automatic control allows such 
motors to be operated practically without attention 
and yet gives full protection against injury and 
unnecessary interruption. 

Oil well drilling service is becoming increasingly 
severe, and for use under these conditions a magnetic 
contactor panel (Fig. 43) was designed to take the 
place of the standard main drum switch. Incor- 
porated in this panel, in addition to the accelerating 
and speed regulating contactors, are primary revers- 
ing contactors, a master switch, and a temperature 
overload relay with electrical reset. The master 
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switch gives eight points of speed control forward > 
and reverse and has an electrical interlock in the 
“off” position for undervoltage protection. 


MOTOR APPLICATIONS 

The system of motor control by means of the 
field control of the generator or the Ward Leonard 
system, was adopted for the first time to motor 
drives in the handling of materials, the operation — 
of ore and lift bridges, etc. This development was 
largely brought about by the successful appli- 
cation of this system to the operation of other 
apparatus. 

What is probably the largest and most rapid coal 
car dumper (Fig. 44) was also the first to be provided 
with this control. It is installed at Toledo (Ohio), 
and is equipped with two 450-h.p. motors on the 
cradle hoist (Fig. 45), and two of the same rating on 
the- mule haul. Power is furnished through two 
motor-generator sets, each consisting of two 375-kw. 
generators, driven by an 1100-kv-a. synchronous 
motor. The voltage of the generators is varied to 
control the motors by the Ward Leonard system. 
The auxiliary motions of the dumper are also electri- 
cally operated, but utilize rheostatic control. As the 
result of the operating records secured with this 
equipment, the fastest steam engine driven dumper 
now on the lakes will be similarly equipped. 


Fig. 43. Magnetic Contactor Control for Oil Well Drilling 


An ore bridge equipment to be installed in Chile 
was designed for the same system of control. The 
8-ton bucket will have a hoist speed of 225 ft. per 
min. with an 800-ft. per min. rope operated trolley. 
Three 175-h.p. 230-volt shunt-wound motors will be 
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used for these motions, two on the hoist and one on 
the trolley. The current supply will be provided by 
means of a five-unit motor-generator set consisting, 
of a 435-kv-a. 1000-r.p.m. three-phase 50-cycle motor 
driving three differential-wound generators, which 
can be separately excited thereby providing definite 
generator-field or Ward Leonard control for each of 
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at this location, and a gasoline engine driven generat- 
ing set was therefore installed. The necessary flexibility 
of control with good speed range and insurance 
against overloading the generating set was secured — 
by special construction of the generator and the adop- 
tion of generator-field or Ward Leonard control for 
the motors. 


Fig. 44. 120-ton Lifting Car Dumper in Operation. 


During the first six months of service this dumper 


handled more than 3,000,000 tons of coal with a current consumption of 847,000 kw-hr. 


bart 


Fig. 45. Cradle Hoist Motor Drive of 120-ton Lifting Car Dumper 


the main motions of the bridge. Incidentally, the 
synchronous motor on this five-unit set will also be 
utilized for the correction of power-factor. 

A novel equipment was adopted for operating a 
double-track lift bridge on the Pennsylvania Railroad 
at Canal (Del.). No electrical service was available 
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The bridge is operated by two 100-h.p. motors in 
parallel served by one generator, which is designed 
with a drooping characteristic so that the bridge 
motors can actually become stalled without overload- 
ing the gasoline engine. This is the first equipment of 
this type to be utilized for this particular service. 
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PAPER MILLS 


Probably the largest development ever undertaken 
in the paper industry is the new mill of the Canadian 
- International Paper Company on the Gatineau River 
in Canada, which is exceptional not alone for its size 
but also because it involves the use of paper machines 
larger than any heretofore constructed. They are 
270 in. wide and while they are nominally rated at 
1200 ft. per min., they are designed for a maximum 
speed of 1440 ft. per min. 

The initial installation calls for four machines with 
sectional electric drives of the synchronous-motor 
tie-in type. The electrical equipment for each machine 
consists of 250-h.p. motors on the couch and calender 
sections, 125-h.p. motors on the press sections, 440-h.p. 
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tutes a vernier rheostat with one brush which is con- 
nected mechanically to the stator frame of the syn- 
chronous motor, while the lower half is: of coarser 
resistance sections and carries a brush mounted on a 
yoked arm which is actuated by the vernier brush 
stud only when the vernier has covered its complete 
range in either direction. 

In principle this regulator operates on an angular 
displacement between the stator and rotor of the 
synchronous motor corresponding to about one- 
quarter of a mechanical degree of displacement on 
the machine rolls. It operates on the field of the sec- 
tional-drive motors to maintain speed, but remains 
stationary except when load changes demand a field 
adjustment. 


Fig. 46. Sectional Drive of 156-in., 1000-ft. per min. Paper 
Machine Viewed from Calender End 


in four units on the worm gear driven dryers, 60 h.p. 
on the reel section, and a 750-kw. direct-current tur- 
bine-generator set for supplying power to the motors. 
There are also four rewinder equipments of the volt- 
age-control or Ward Leonard type. A total motor 
capacity of 5780 h.p. is involved in these four 
machines. 

A speed regulator was developed for sectional 
paper-machine drives (Fig. 46) which is of the 
regulator type and maintains the speed of the driving 
motors within extremely close limits, t.e. a few 
hundredths of one per cent. It consists of a small syn- 
chronous motor (Fig. 47), the rotor of which is con- 
nected to the main sectional-drive motor through a 
chain reduction and a pair of small cone pulleys. 

The stator, which is mounted on ball bearings and 
is free to rotate, 1s connected to the master generator 
bus electrically, and connected mechanically to the 
brush mechanism of a commutator type of field 
rheostat. The upper half of this commutator consti- 


Fig. 47. Speed Regulator Showing Synchronous Controlling Motor 


and Motor-operated Adjustment 


Unit switchboard control with full-automatic push- 
button equipment for both motors and generating 
unit and the motor-operated “‘draw’’ adjustment, was 
applied to these sectional drives. A motor-operated 
generator-field rheostat and voltage-regulator rheo- 
stat was combined in a single unit, operated from the 
same rheostat arm and controlled from a single point. 


SUGAR MILLS 


The variable-frequency system of driving sugar- 
cane rolls was improved by the addition of remote 
indicating control (Fig. 48) of the frequency gov- 
erning the grinding rate and of the relative speed 
adjustments between rolls. The speed of the turbine 
is adjusted by the mill operator by a remote-con- 
trolled motor-operated speed governor and a fre- 
quency meter at the mill platform indicates the speed 
of the mill. | 

The relative speed adjustments are made by 
remote-controlled drum switches, the positions of 
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which are shown by Selsyn indicators. The action 
of relative speed adjustments is unique in that the 
effect of a change in speed of a given set of rolls does 
not affect a.change in the juice extraction until the 
cane has traversed the carrier driven by and feeding 
‘that mill. 

The operator must know therefore what changes he 
has made in the setting of the drum switch. Usually 
the proper drum-switch settings for certain grades of 
cane are known. It is thus possible when changing 
from one grade of cane to another to reset the drum 
switches as soon as the different grade of cane reaches 


Fig. 48. Master Control Panel for Sugar-cane Roll Drive 


the mill and without resorting to the usual cut and 
try method. These additions give the complete con- 
trol of the cane grinding to a single operator at the 
roll train and tend toward more efficient grinding 
with high juice extraction. 

The type of motor utilized for driving centrifugal 
extractors was improved by the provision of a pole 
changing winding; the stator winding being two-circuit 
star for high speed and one-circuit star for low speed. 

Adjustments of the accelerating torque are made 
by varying a resistance in the neutral connections of 
one circuit of the field winding of the high-speed con- 
nection. The same resistor 1s also used for independent 
adjustment of the torque of the low-speed connec- 
tion. The resistor is permanently connected to the 
motor winding, but the neutral and line connections 
are made by taps on the resistor which are connected 
to the magnetic switches. 

The new equipment can be used for drying widely 
varying grades of sugar. It is possible to run at fixed 


speeds for charging the centrifugal basket and for 
extended periods of time at low speed when drying 
low-grade sugars. The power-factor is high at all 
operating speeds due to the use of both external re- 
sistance and a high-resistance squirrel-cage motor, 
The power input is practically the same as for the 
variable-voltage control previously used because of 
the efficient manner of connecting the torque regu- 
lating resistor. 


STEEL MILLS 


The unprecedented activity during 1925 in the 
application of electric motors to steel-mill main-roll 
drives (Fig. 49) continued unabated during 1926. 
Over 140,000 h.p. of G-E motors were provided for 
the industry, bringing the total installed capacity of 
such motors to more than 960,000 h.p. 

Several reversing mill equipments were placed in 
operation. One, a 3000-h.p. 80/150-r.p.m. motor 
which replaced an engine drive on a 24-in. bar mill 
at the Indiana Harbor Plant of the Inland Steel Com- 
pany, was of especial interest because of the remark- 
ably short time taken for its installation. In 122 hr. 
from the time the mill was shut down the engine and 
its foundations had been removed, new foundations 
for the motor built, and the motor installed and con- 
nected to the mill ready for operation. This achieve- 
ment lowers the previous record for a change-over 
from steam to electric drive by about 131% days. 

There will be installed at the Sparrows Point Plant 
of the Bethlehem Steel Company a 21-in. continuous 
sheet-bar and skelp mill which will have three differ- 
ent types of driving motors. The first eight stands 
will be driven by synchronous motors, No. 1 being of | 
4000 h.p., 83 r.p.m., and No. 2 of 6500 h.p., 187 r.p.m. 
The next three stands will be driven by an adjustable- 
speed induction motor with Scherbius speed regu- 
lating equipment, the motor being rated 6700/5000/- 
3320 h.p., 500/375/250 r.p.m. This is the largest 
Scherbius controlled induction motor in this country. 
The finishing stand is driven by a 2600-h.p. 320/275- 
r.p.m. direct-current motor. | 

Another equipment at this same plant is the drive 
for a 46-in. reversing slabbing mill; the motor being a 
double-unit machine rated 7000 h.p., 50/100 r.p.m. 

Installations of continuous mills in which practi- 
cally every stand is driven by an individual motor 
are becoming more numerous. At the South Chicago 
Plant of the Illinois Steel Company a 13-stand mill 
will be driven by 13 adjustable-speed direct-current 
motors totaling 10,500 h.p. At the Gary Works of the 
same company a 13-stand mill will be driven by 
9 direct-current motors totaling 6500 h.p., and a 
15-stand mill will have 11 motors totaling 5350 h.p. 

Another example of this trend toward individual 
drive is at the plant of the Weirton Steel Company, 
where a new mill to be installed will be driven by 
three alternating-current and five direct-current 
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motors having a total continuous capacity of 16,000 
h.p. Power for the five direct-current motors will be 
obtained from two synchronous motor-generators, 
each consisting of one 4200-kv-a. 6600-volt syn- 
chronous motor and two 1500-kw. 600-volt direct- 
current generators. The five direct-current motors 
are started simultaneously by Ward Leonard control, 
utilizing the voltage of the four direct-current gen- 
erators. 

The Lukens Steel Company of Coatesville (Pa.) 
installed an 84-in. tandem plate mill in which both 
roughing and finishing stands are driven by direct- 
current reversing motors. Each mill is four-high with 
backing-up rolls carried in roller bearings. The rough- 
ing mill motor is rated 1200 h.p. 25/50 r.p.m. 330 
volts. The finishing mill motor is a duplicate machine 
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Company at Johnstown (Pa.) The initial installation 
was followed by others at the plants of the Illinois 
Steel Company, Gary (Ind.), and Jones and Laughlin 
Steel Corporation, Woodlawn (Pa.). 


MINING 


Two main-hoist equipments for the Anaconda Cop- 
per Mining Company, Butte (Mont.), were designed 
to operate from a maximum depth of 5200 ft. with 
skips normally operating in balance. The weight of 
ore handled per trip in the skip is normally 7 tons 
and the maximum rope speed 2250 ft. per min. The 
hoists are arranged to operate in balance from various 
levels; this being made possible by the use of drums 
which are loose on the driving shaft, and capable of 
being clutched to it in any desired position. 
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Fig. 49. 4000-h.p. 58/120-r.p.m. Reversing Motor Driving 38-in. Blooming Mill, Showing Flywheel Motor-generator 
Set in the Background 


but rated 2500 h.p. 53/80 r.p.m. 600 volts. The fly- 
wheel motor-generator consists of a 3000-h.p. 600- 
r.p.m. induction motor, a 25-ton flywheel, and three 
duplicate 1050-kw. 330-volt generators, one for the 
roughing mill motor and two in series for the finish- 
ing mill motor. 

The existing capacity of turbine generators in steel- 
mill power stations was increased by over 100,000 
kw. Among the larger units were two 20,000-kw. 
machines for the Fairfield Works of the Tennessee 
Coal, Iron and Railroad Company and a 20,000-kw. 
unit for the Sparrows Point Plant of the Bethlehem 
Steel Company. These are the largest turbine gen- 
erators for steel-mill power stations. 

The first isolated-phase switching equipment in an 
industrial plant was installed in the new generating 
station of the Franklin Works of the Bethlehem Steel 


Each main hoist will have a double-clutched drum, 
12 ft. in diameter, driven by the main hoist motor 
(Fig. 50), which has a normal rating of 2150 h.p. at 
59.5 r.p.m. The motor is direct connected to the 
drums through a solid coupling. 

When operating under normal full-speed conditions 
from the 5200-ft. level, 1521% sec. are required to 
complete the trip, 20 sec. of which are consumed in 
accelerating the hoist from rest to full speed, and 
10 sec. for retarding it from full speed to standstill. 
To each skip there is attached a stranded steel cable 
17% in. in diameter, which has a total weight of 
28,900 1b. 

The hoist motor will be controlled by the generator- 
voltage or Ward Leonard system, each motor being 
operated from a separate variable-voltage direct- 
current generator having a maximum potential of 750 
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volts. Each generator will be driven by a 2300-kv-a. 
514-r.p.m. 2200-volt synchronous motor, the complete 
set also including a 63-kw. 250-volt exciter for the 
hoist motor, generator, and synchronous motor fields. 

The hoists will be con- 
trolled by an operator 
through a master switch 
which changes the voltage 
of the generator, and con- 
sequently the speed and 
direction of rotation of the 
hoist motor. 

Each hoist is equipped 
with many safety features 
designed to prevent injury 
to the workmen and dam- 
age to the apparatus. For 
instance, if the operator 
should fail to bring the 
hoist to rest at the proper 
time, automatic . devices 
will do this for him, bring- 
ing the hoist to a complete 
stop and applying the 
mechanical brakes. Other 
devices furnish protection 
against overspeeding at any 
point in the trip and also provide for bringing the 
hoist to rest properly in case of electrical overload, 
loss of voltage, etc. 


Fig. 51. 


Fig. 50. Rotor of 2150-h.p. Main Hoist Motor 


The coal tipple of the Hecla Coal and Coke Com- 
pany, Pittsburgh (Pa.), receives the product of two 
shafts, and after preparation the coal may be deliv- 
ered either to cars on the railroad siding or to boats 
on the river. The tipple machinery consists of the 
usual apparatus, comprising screens, tipples, conveyors, 


etc. driven by 13 induction motors which have the 
characteristic of furnishing high starting torque with 
comparatively low current demands, making possible 
the starting of the motors upon full-line voltage. 
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45,000-cu. ft., 28-1b. Turbine-driven Blast-furnace Blowers at Mystic Iron Co., Everett (Mass.) 


The control of the motors was made completely 
automatic by means of either one of two push-button 
stations and suitable magnetic switches. The control 
equipment is so arranged that the motors start in the 
desired sequence and selector switches make possible 
the variation of the sequence to allow a total of 23 
different sequence combinations. 


CENTRIFUGAL COMPRESSORS 


A line of compressors (Fig. 51) was constructed on 
entirely new pressure-volume considerations. The 
impellers are of the single-inlet radial-blade shrouded 
type designed primarily to put energy into the air 
or gas. They are surrounded by highly efficient con- 
version passages where the kinetic energy received 
from the impeller is transformed into potential 
energy in the form of pressure. 

Mechanical details were given very careful con- 
sideration in the designing, particular attention being 
focused on the rotor construction, lubricating system, 
packings, etc., with the result that the mechanical 
operation is excellent. 

An outstanding example of the new design of 
compressor equipment for gas service was the 
installation at the Harrison Plant of the Public 
Service Gas & Electric Company of New Jersey. It 
consists of four 25,000-cu. ft. 15-lb. gas boosters 
driven by extraction type condensing turbines; eight 
22,000-cu. ft. 2-lb. turbine-driven blowers, and 
four 14,500-cu. ft. 2-lb. turbine-driven water-gas 
exhausters. 
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The new 450-ton furnace of the Mystic Iron Com- 
pany, Everett (Mass.), has a blowing equipment 
which consists of two 45,000-cu. ft. 16/29-lb. com- 
pressors driven by 5000-h.p. 8-stage condensing tur- 
bines, these units being equipped with a new type of 
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Fig. 52. 1550-kv-a. Furnace Transformer and Reactors Controlling 


a Three-ton Electric Furnace 


constant-volume governor.. The furnace was the first 
to be actually blown in with the compressor under 
control of a governor from the start. 

Two 45,000-cu. ft. 35-1b. 
turbine-driven Bessemer 
converter blowers were 
started in operation at the 
Woodlawn Plant of the 
Jones and Laughlin Steel 
Corporation. The original 
plan called for the oper- 
ation of two converters 
from two blowers, but after 
successfully operating one 
converter per unit it was 
found that two converters 
could be operated from 
one compressor, and it is 
now planned to use the 
other compressor for blast- 
furnace service to replace 
reciprocating blowing 
units. 

The compressors were 
equipped with combination 
constant-volume constant-pressure governors so that 
by manipulating a valve in the pressure con- 
nections the governors regulate for either constant 
volume for blast-furnace service, or for constant 
pressure for converter service. 


Fig. 53. 
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ELECTRIC MELTING FURNACES 


High-frequency power supplied directly from defi- 
nite-pole alternating-current generators was applied 
for the first time to the melting of sterling silver 
and ferrous metals. 

A special capacitor unit rated 93 kv-a., 900 volts, 
2000 cycles, contained in the same size case as 
the usual 5-kv-a. 2300-volt 60-cycle unit, was 
produced for use with a high-frequency melting 
equipment. 

In the field of electric-arc melting-furnace equip- 
ment (Fig. 52), the general tendency was to build 
furnaces of larger size, and provide for higher rates 
of power input. This was made possible by the use 
of three-voltage switching. The principle upon which 
three-voltage switching is founded is that the cold 
charge when first placed in the furnace is capable of 
absorbing heat at a higher rate than after the charge 
has become molten; t.e., with the cool metal the tem- 
perature of the furnace walls is not increased beyond 
the permissible value by the increase in the rate of 
energy input. 

When the temperature of the walls has become 
as high as permissible, it is possible to switch to the 
next lower voltage tap and supply energy to the fur- 
nace at a lower rate. Finally, when this rate of energy 
input is also undesirably high, it is possible to switch 
to a still lower furnace voltage and reduced energy 
input, the latter change generally being made after 
the metal is completely melted, under which condi- 
tion it is necessary to supply only the furnace losses 
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Welding Machine Used in Construction of Large Stator Frames 


and energy required for chemical reactions during 
the slagging periods. Practically all of the large 
electric steel-melting furnace installations in this 
country during the year utilized three-voltage 
switching. 
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Three of the largest three-phase transformers ever 
applied to electric steel-melting furnaces were built, 
each of these transformers being rated 9000 kv-a. for 
114 hr. 

In the manufacture of carbon brushes, a transformer 
to supply power to a graphitizing furnace has a range 
of secondary voltages of 6 to 1. This exceedingly 
large range of voltage was obtained by a combination 
of transformer and auto-transformer mounted in a 
single tank, the switching being accomplished by 
solenoid-operated circuit breakers. 


ELECTRIC WELDING 


The use of electric arc welding as a manufacturing 
process was considerably extended. Among the more 
interesting applications were two machines designed 
for the automatic welding of the circular seams in 
generator stator frames, one being capable of welding 
seams up to 28 ft. in diameter, and the other for use 
on seams of small or medium diameter. In the case of 
the former (Fig. 53), the work is held stationary, 
while two automatic heads are revolved about it 
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Fig. 54. Automatic Arc Welding Head with Cover Removed - 


simultaneously to weld the seam. In the machine for 
welding smaller frames, the work is rotated past the 
heads, which are held stationary. 

In addition to the extension of applications, there 
were several innovations in the welding apparatus 
proper, especially in that used for automatic welding. 
Of these the most notable was the development of a 
new type of automatic welding head. 

The welding head (Fig. 54), which feeds the elec- 
trode to the arc, consists essentially of a pair of feed 


rollers geared to a constant-speed motor through a 
magnetic clutch. The gearing and feed mechanism 
are mounted as a unit in a housing to which the motor 
is bolted. The speed of wire feed may be altered by 
means of a three-speed selective gear changer which 
is manually operated. This arrangement permits easy 
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Fig. 55. Machine for the Automatic Arc Welding of Tanks 


Equipped with Magnetic Field Control and 
Pneumatic Clamping 


and accurate adjustment of the feeding speed to suit 
the size of electrode wire and the welding current 
being used. 

The control is entirely automatic and magnetic in 
character, incorporating all the devices necessary to 
start and stop the wire-feed motor, for interlocking 
the travel motor with the arc, and for controlling the 
magnetic clutch which connects the feed motor to 
the feed rolls. All of the necessary equipment is 
compactly mounted on a totally enclosed panel 
which can be located wherever convenient. 

- Several improvements were also made in the 
various machines used in the automatic welding of 
tanks, pipe, etc. One of these consists of a travel 
carriage with two automatic welding heads for 
welding heavy plate, that is, 3g in. or greater in thick- 
ness. By means of the new arrangement two layers of 
metal are deposited simultaneously in the joint or 
seam. Thus, not only is the strength of the finished 
weld increased but its quality is improved and the 
overall welding speed is increased 100 per cent. 

The design of the clamps used with automtaic 
welding machines (Fig. 55) was improved by the 
incorporation of two new features. One of these is 
the magnetic control of the arc, and the other the 
positive pneumatic clamping of the work. The former 
consists of a new method for controlling the stray 
magnetic fields which, arising from various causes, 
tend to disturb the arc and thereby affect the quality 
of the finished weld. The improvement consists of an 
insulated conductor which is placed underneath 
the copper chill bar, or backing bar, of the machine, 
and through which all or part of the welding current 
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can be shunted. By this means a magnetic field is 
secured of the proper magnitude and direction to 
insure the best operating condition for the arc. 

The second improvement, a new form of pneumatic 
clamping, resulted in permitting the use of higher 
welding currents and greater welding speed. 


INDUSTRIAL HEATING 


A new application of the immersion type of electric 
heating unit consisted of utilizing it in existing stand- 
ard fuel-fired types of the stereotype pots or furnaces 
used in printing plants. 

The heating units are located on the inside of the 
pot (Fig. 56) and the heat is delivered to the metal 
for the depth of the entire charge, thereby producing 
heat for surface melting so that no undue strains, 
tending to crack the crucible, will be set up in the 
stereotype metal. Automatic heat control is utilized. 


Fig. 56. Stereotype Melting Pot, Showing Arrangement of 
the Internal Heating Units 


Pots of this type in capacities up to six tons were 
equipped for operating at a maximum temperature 
of 650 deg. F. with a current consumption of 150 kw. 
` Caustic soda fusing on a commercial scale was 
accomplished for the first time by electric heat. 
This work is done in kettles 10 ft. in diameter, each 
holding about 30 tons of caustic. The connected load 
for each kettle is 500 kw., and the heating units are 
mounted outside the kettle and are automatically 
controlled. Low temperatures are utilized in starting 
the operation and are gradually increased to a maxi- 
mum of 600 deg. F. 


ELECTRIC REFRIGERATION 


As the result of wide experience with installations 
of household refrigerating equipment, a number of 
improvements were made in the design of the self- 
contained refrigerating unit in order to insure greater 
reliability. 

The refrigerating mechanism is totally enclosed 
and is provided with a permanent oil supply so that 
the entire equipment with its thermostatic control 
will operate continuously without attention after it 
is installed. 
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RESEARCH 


The cathode-ray tube referred to a year ago was 
improved to the point where it became possible to 
seal it off from the exhaust pump, thereby making it 
as thoroughly portable as an x-ray tube. Larger tubes 
were constructed (Fig. 57) and the maximum operat- 
ing voltage was raised from 200,000 to 400,000 volts. 

The electrons of the cathode-ray stream are sup- 
plied by a coiled tungsten filament, or hot cathode 
(Fig. 58), heated to incandescence by a relatively low 
voltage. The other electrode, or anode, is the nickel 
“window” which is soldered to a disk of invar. 


Fig. 57. 


400,000-volt Cathode-ray Tubes 


By impressing high voltage between the electrodes, 
electrons are driven from the hot cathode to and 
through the anode or window with a velocity of about 
150,000 miles a second. 

The window is very thin although equivalent to 
the thickness of about 500,000 layers of atoms. In 
terms of electrons, however, it hardly exists, since 
there is so much space between the electrons forming 
its atoms. For this reason it permits the high-speed 
electrons from the hot cathode to pass through it into 
the air. The air is barred from entering the tube be- 
cause the gas molecules, enormous in size when com- 
pared with electrons, are too big to go through the 
spaces between the electrons in the atoms of nickel. 

The window has an area of about nine square inches, 
and must withstand a pressure of 100 lb. from the 
atmosphere. It is therefore supported by a nero? 
structure (Fig. 59) of molybdenum. 
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Another feature of the tube is the use of a protecting 
shield, a copper tube extending lengthwise from near 
the cathode and attached to the invar disk which 
supports the window. This tube confines the stream 
of electrons and keeps them from impinging on the 
glass. Thus high-voltage sparks through the glass, 


Fig. 58. Diagram of Cathode-ray Tube Showing Window at the 
Right and Hot Cathode to the Left of the Center 


with consequent punctures and destruction of the 
tube, are avoided. | 

Practical commercial and therapeutic applications 
for the new tube are yet to be developed, but during 
the year numerous experiments were made to ascer- 
tain its effect on a variety of gases, liquids, and solids, 
as well as on living tissue. 

The high-speed electrons delivered by the cathode- 
ray tubes are similar in character to the electrons 
liberated by the disintegration of radium. The elec- 
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Fig. 60. Arc Welding with Flames of Atomic 
Hydrogen 


trons given off by radium are of higher velocity than 
those so far produced by the cathode-ray tube and 
the rate at which they are produced by the disinte- 
gration of radium is beyond control. The rays pro- 
duced by any of the recently constructed cathode 
tubes exceed in quantity those which could be pro- 
duced by a ton of radium, and the rate of production 
and the depth of penetration of the tube rays are 
under absolute control. This characteristic is of great 


value in experimental work and may be of vital 
importance if these rays are utilized in therapeutics. 

The type of mercury-arc tube with grid control, 
known as the “Thyraton”, was- produced in larger . 
units, some of which have been operated up to 
225 kw. at 1500 volts. 
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Fig. 59. Diagram of Anode or Window Showing Nickel Foil and 
Molybdenum Honeycomb Supporting Structure 


The experimental work on the process of welding 
by a flame of atomic hydrogen and the development 
of apparatus for its commercial application were 
continued. | 

Many different forms of welding torches (Fig. 60) 
were constructed and tested. The electrodes between 
which the arc passes are mounted at a convenient 
angle to one another and are adjustable so that they 
can be brought into contact at a point which is ex- 
posed to a blast of hydrogen from one or more orifices. 


Cutting 15-in. Nickel-steel Riser with 
Oxy-illuminating-gas Torch 


Fig. 61. 


Thus the atomic hydrogen is blown out of the arc in 
a definite direction and forms a flame which can be 
brought into contact with the metal to be welded. 
The jet of hydrogen also serves to bathe all the heated 
parts of the electrodes and the work, thus preventing 
oxidation and the introduction of impurities such as 
nitrogen into the weld. 

Research work of a non-electric character and of 
great practical value to industry consisted of a series 


34 January, 1927 


of exhaustive experiments to determine the possi- 
bility of substituting illuminating gas for the more 
expensive gases which have heretofore been con- 
sidered necessary in the use of torches for metal 
cutting. 
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Fig. 62. High-voltage Rectifier Using 6 Rectrons; Output 


10 amp. at 6000 to 15,000 Volts 


It was demonstrated that, with suitable preheating, 
city gas of proper quality is an ideal fuel gas for plate 
cutting, riser cutting in foundries (Fig. 61), scrap 
work especially on thick materials, and other similar 
applications. Its economy is not as great when cutting 
rivets, or very thin plates. 

When city gas is used it is safe to employ a super- 
heating coil in the torch for heating the cutting oxygen. 
The economies possible with such a device are very 
marked especially during cold weather, and the intro- 
duction of such a coil permits the utilization of city 
gas with a considerable reduction in oxygen consump- 
tion compared to present oxy-acetylene and oxy- 
hydrogen practice. For metal of considerable thick- 
ness, the oxygen consumption is no greater with city 
. gas than with any other fuel gas, and by using a 
super-heating coil the difference favors city gas. 

Suitable cutting torches were therefore designed 
and the new method utilized commercially on an 
extensive scale, the operating costs showing an actual 
reduction of 30 to 50 per cent in comparison with 
those of previous methods.(! 


(4) Further information concerning this development appears in the 
articles '"Metal Cutting with Oxy-illuminating Gas” and “Relative Effect 
of Oxygen Purity and Temperature in Metal Cutting." by F. P. Wilson. Jr., 
GENERAL ELECTRIC REVIEW, June, 1926, p. 443, and Oct., 1926, p. 772. 
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RADIO TRANSMISSION 


Three vacuum-tube radio transmitters, each rated 
at 80-kw. output were produced. One was installed 
by the U. S. Navy, at San Diego (Cal.), one was 
shipped to the Japanese Government for a station 
near Tokio; and one was built for installation by the 
Radio Corporation of America at Pernambuco 
(Brazil). These three transmitters were of the same 
general design, being composed of a rectifier (Fig. 
62), master oscillator (Fig. 63), and power amplifier 
(Fig. 64) units. They were designed for telegraph 
control at speeds up to 100 words per minute. By 
this method of control the output is varied from no 
load to full load or vice versa, 50 to 60 times per 
second. Water-cooled tubes were used throughout 
in the high-power circuits. 

A new type of transmitter (Fig. 65) was developed 
and four were supplied to the United Fruit Company. 
They are rated at 5-kw. output, and are intended for 
shore installation to communicate with ships at sea. 
They operate at 600 meters and longer wavelengths, 
and do not cause objectionable interference with 
broadcasting. 

A number of 500-watt transmitters were built for 
the U. S. Coast Guard for use on vessels on ice patrol 
duty and in other branches of the service. They cover 
a continuous wavelength range of 600 to 2400 meters, 
with telegraph control. 


Master-oscillator Tube Rack 


Fig. 63. 


The Department of Commerce adopted a number 
of 500-watt transmitters for use in sending fog signals 
to vessels during stormy weather. They emit a com- 
pletely modulated signal with the characteristic 1000- 
cycle note at a wavelength of approximately 1000 
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meters. They have been installed at several points 
along the Atlantic and Pacific Coasts and in Alaska 
and enable ships to determine their bearings by 
means of a radio compass. 

In order to make a complete test of high-power 
radio transmitters before shipment, there must be 
available a capacitor which has approximately the 
same electrical characteristics as the antenna with 
which the transmitter is to be used. 

Such a capacitor (Fig. 66) was erected on the build- 
ing in which transmitters are manufactured and 
tested. It is composed of 23 plates which are built up 


Fig. 64. Power-amplifier Tube Racks 


of parallel lengths of 3-in. diameter pipes welded into 
a square frame of pipes of the same diameter. Eleven 
of these plates are insulated from ground, for more 
than 100,000 volts, the remainder being insulated 
from ground for a lower voltage. The insulation 
between plates is rated at 100,000 volts. By means 
of different groupings of the plates, it is pos- 
sible to obtain a wide range of values of capaci- 
tance up to the maximum of approximately 0.02 mf. 
The dimensions are approximately 24 by 25 by 
33 ft. 

A spray insulator was constructed for insulating 
the anodes of high-power water-cooled vacuum tubes 
from the supply of cooling water. The insulation is 
accomplished by making both the inlet and outlet 
water connections to the tube in the form of tall 
glass vessels (Fig. 67) in which the stream of water is 
broken up into small drops with air spaces between. 


This arrangement gives practically infinite insu- 
lation resistance with resultant elimination of loss of 
power. 

Continuous progress in the development of radio 
transmitters, particularly those for operation at high 
power and short wavelengths, necessitated obtaining 


Fig. 65. 5-kw. Marine Transmitter, Power-amplifier End 


Fig. 66. Dummy Antenna Capacitor for Testing High-power 
Radio Transmitters 


new insulating material with low dielectric losses. 
The new laboratory product, ‘‘Mycalex,” proved to 
be particularly suitable to those conditions and its 
use soon became general in the construction of trans- 
mitters. 
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Developmental Station 


Several branches of radio development were thor- 
oughly investigated. The 50-kw. 380-meter trans- 
mitter was put in regular operation for the evening 
programs of WGY early in the year. Although still 
in the developmental stage, it has since been used 
regularly and successfully. 

Extensive tests were made with the type of trans- 
mission known as ‘‘Single Side Band” which has 
several apparent advantages for -broadcasting and 
communication purposes. Some of the anticipated 
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Fig. 67. High- » Water-cooled, Vacuum-tube 
Mounting, Using Spray Resistor 


improvements were secured by these tests. The 
transmitter was operated at a wavelength of approxi- 
mately 1500 meters which does not interfere with 
broadcasting. Powers up to 40 kw. were used. 

Observation on special transmission over a wide 
range of wavelengths resulted in useful data on the 
propagation of radio waves. One of the most interest- 
ing features brought out by the study of these data 
was the ability of low-power short-wave transmitters 
to span enormous distances. In this connection, the 
performance of station 2XAF on 32.79 meters was 
notable as the transmitter operating at 10-kw. output 
was heard repeatedly in Perth (Australia); in Johan- 
nesburg (South Africa); at Kings Bay (Spitzbergen), 
by members of the Byrd Arctic Expedition; and in the 
heart of Brazil by the Frank Gow Smith Exploring 
party. 
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Other propagation data indicated the advantages 
of short waves for relatively short distances for com- 
munication purposes. (6) 

One of the largest and highest power high-voltage 
kenotron rectifier equipments in the world was in- 
stalled at this station. It differs considerably from 
conventional designs. The tube mounting and control 
panels are located indoor (Fig. 68) and the trans- 


formers and reactors (Fig. 69) are installed outdoor. 


The initial tube equipment consists of 12 water- 
cooled kenotrons which will permit the rectification 
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Fig. 68. Control Panel and Tube Rack for 750-kw., 
15,000-volt Rectifier 


of 30 amp. Eventually, it is planned to replace these 
12 tubes with 6 of much higher rating which will 
permit the rectification of 50 to 60 amp. A range of 
voltage of 6000 to 15,000 is provided. On this basis 
the available output will be 900 kw. A filter reduces 
the output ripple to about 0.025 per cent. 


CARRIER CURRENT COMMUNICATION 

This field broadened enormously during the year. 
Communication requirements have steadily increased 
from simple single-channel systems to extremely 
complicated communication networks involving multi- 
channel operation over the same lines and transfer of 
channelsfrom onepower systemto another. In meeting 
these conditions the advantages of the single-frequency 
system of duplex operation were amply demonstrated. 


($) To be further described in an article by W. L. Prescott in the Feb- 
ruary issue. 
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An output of 50 watts was found to be sufficient 
for average communication requirements over trans- 
mission lines, but in order to meet extreme operating 
requirements, a 250-watt attachment was produced. 

Equipment was designed to control a primary 
carrier-current telephone equipment from a remote 
point, connected with the equipment by means of a 
line that is exposed to inductive interference. 

For coupling carrier equipment to high-tension 
transmission lines, a new type of coupling capacitor 
was produced. This is an oil-filled unit capable of 
operating on 220-kv. lines. 

Carrier-current communication apparatus was in- 
stalled on the 220-kv. system of the Southern Cali- 
fornia Edison Company, and its operation has proved 
to be decidedly successful. 


Fig. 69. Outdoor Transformer Equipment for 
750-kw. Rectifier 


TRANSFORMERS 


The maximum unit capacity of both self-cooled 
and artificially-cooled transformers (Fig. 70) was 
carried beyond the record ratings of previous years. 


TABLE I 
AVERAGE UNIT SIZE OF POWER TRANSFORMERS 
IN KILOVOLT-AMPERES 


Year Self-cooled Artificially-cooled All Types 
1919 1175 4325 2150 
1920 1325 3175 2175 
1921 1575 4150 2750 
1922 1700 6000 3750 
1923 2350 5600 3450 
1924 2500 5325 3525 
1925 3550 5275 4175 
1926 2806 11645 5052 


There was also an increase in the average unit size 
of all types of power transformers as indicated by 
the eight-year record shown in Table 1. 

The increase in capacity of power transformers has 
been accompanied by a corresponding increase in 


efficiency, many of the larger units constructed 
during the year having an input-output efficiency ex- 
ceeding 99 per cent. An increased use of high-voltage 
auto-transformers for tie-in service was evident, 
these units being supplied with one or more addi- 
tional windings to permit their use as transformers 
as well as auto-transformers. 

At the close of the year there were under con- 
struction twenty-eight 220,000-volt transformers 
aggregating 727,000 kv-a., the average capacity per 
unit therefore being 26.000 kv-a. This brings the 
number of these transformers up to 65 units, totalling 
1,183,000 kv-a. in capacity. At one time late in the 
year there were in process of construction units for 
70,000 volts and above, of which the total figure for 
capacity ratings exceeded 2,000,000 kv-a. 
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Fig. 70. Growth of Unit Capacity of Self-cooled and 
Artificially-cooled Transformers 


Among the large units under construction were 
13 rated 26,667 kv-a. 200,000 volts, which will be 
utilized as the main units of the Conowingo Devel- 
opment on the Susquehanna River. These trans- 
formers were designed to carry a 10 per cent over- 
load, or 29,333 kv-a., on an emergency basis. 

The largest artificially-cooled unit was a 66,667-kv-a. 
25-cycle auto-transformer for the Buffalo General 
Electric Company. It is the largest transformer so 
far constructed in the United States, not only in 
rating, but in physical dimensions. As an indication 
of its size (Fig. 71), it required 36 tons of steel lami- 
nations for the construction of the core and 17 tons 
of copper for the windings. The total weight including 
oil exceeded 120 tons. This transformer is utilized to 
step up the voltage of a turbine-generator line from 
12,000 to 24,500 volts and its equivalent rating as a 
transformer is 34,000 kv-a. 

Due to its very large size, a five-legged core con- 
struction was used, to minimize the height and 
careful analysis of the flux distribution and losses dem- 
onstrated that they were well below the calculated 
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values. The transformer is provided with two dis- 


tinct windings, each of the high-voltage windings 


being connected through a separate circuit breaker 
to reduce the rupturing duty on the breaker. 


Fig. 71. 66,667-kv-a. 25-cycle Auto-transformer 


Showing Low-voltage Side 


Fig. 72. 30,000-kv-a. 220-kv. Oil Air-pressure Transformer 


An unusual condition had to be considered in the 
design and construction of 30,000-kv-a. and 16,700- 
kv-a. transformers for the Southern California Edi- 
son Company, in that it was necessary to provide 
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these transformers with tanks capable of withstand- 
ing a 28-in. vacuum, so that they could be dried out 
under vacuum. The 16,700-kv-a. units are arranged 
for air-pressure cooling, and the radiators must also 
withstand the vacuum condition. 

Airblast transformers of 4750 kv-a., 3 to 6 phase, 
and of 2375 kv-a., 30 to 12 phase, were also equipped 
with ratio adjusters which are operated by remote 
control. . 

There was a notable increase in the use of oil- 
insulated transformers cooled by air jets applied to 
the radiating surface. This method of cooling is as 
effective as water-cooling and provides immunity 
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Fig. 73. 30,000-kv-a. Transformer, Showing Size and 
Arrangement of the Conservator 


from the possibility of frozen, leaky, or defective 
coils which might permit water to mix with the oil 
of the transformer. 

This method of cooling was applied to a number 
of single-phase transformers of greater capacity than 
any previously constructed. Among these are three 
of 10,000 kv-a., four of 16,667 kv-a., and eleven of 
16,700 kv-a. capacity. Some of these units were 
originally intended for water cooling, but the demon- 
strated efficiency of the oil air-pressure method re- 
sulted in their being re-designed. 

Four single-phase auto-transformers of record size 
(Fig. 72) were also arranged for air cooling. They are 
rated 30,000 kv-a., 220,000 Y, 125,000 Y, 10,640 volts 
and were built for the Great Western Power Company 
for use in tying-in its transmission system with that 
of the San Joaquin Light and Power Corporation. 
These units have a larger capacity and exceed in 
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physical dimensions any transformers of this type so 
far constructed. They are equipped with a conserva- 
tor (Fig. 73) which contains 1300 gal. of oil and is in 
itself equivalent in dimensions to the tank required 
for a 2500-kv-a. 60,000-volt transformer. The weight 
of the conservator is approximately 5 tons, and the 
total weight of the unit exceeds 130 tons.( 

A subway tank was developed which is suitable for 
the larger capacities, higher voltages, and heavier 
currents, which are now being used, particularly in 
alternating-current networks. In this design (Fig. 74) 
the junction boxes which form an integral part of the 
tank provide adequate high- and low-voltage termi- 
nal facilities; the high-voltage cables with their 
limited bending radii and the heavy SW VOIE 
cables both enter vertically. 

The use of these junction boxes permits the lower- 
ing of a larger tank through a given size manhole, 
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Fig. 74. Subway Type Transformer Showing Arrangement 
of the Detachable Junction Boxes 


since the box can be removed without breaking the 
main seals of the tank. The transformer may, there- 
fore, be sealed and tested in the warehouse and the 
connections made or broken at the manhole without 
disturbing the seals. The junction boxes on one side 
are designed for 13,800 volts and on the other side 
for 120 volts, in capacities up to 200 kv-a. 

The problem of suppressing radio interference 
created by the ignition systems of oil burners has 
been made more difficult recently by the improve- 
ment in radio receiving sets, and particularly by the 


development of battery eliminators fed from the ' 


lighting circuit. 

The high-voltage spark used in electric ignition 
generates a high-frequency disturbance which is par- 
ticularly serious in the broadcast range. A new self- 


(°) Further information concerning these transformers appears in the 
article ' *High-voltage Power Transformers Cooled by Forced Air Circula- 
tion,’ ' by L. H. Burnham, GENERAL ELECTRIC REVIEW, Aug., 1926, p. 569. 


contained ignition transformer (Fig. 75) was there- 
fore developed which incorporates special features for 
suppressing radio interference. 

Three filters are used: first, a choke-coil condenser 
filter in the low-tension circuit; second, an internal 
magnetic filter; and third, a high-tension balancing 


Fig. 75. Radio-proof Ignition Transformer 


filter system. All of these serve to reduce the amount 
of interference created and prevent an appreciable 
passage of radio energy into the supply circuit over 
which it is liable to be carried to disturb radio listen- 
ers in the neighborhood. 

Another special feature of this transformer is a core 
with an “X” shaped center leg which is forced into 
the outer shell of the core. Thus magnetic shunt 


Fig. 76. Molded Flange Insulating Collar Used in 
High-voltage Transformer Construction 


paths are provided between the primary and sec- 
ondary winding to limit the secondary current under 
the practically short-circuit conditions which exist 
during operation. 

Because of their high dielectric and mechanical 
strength, Herkolite cylinders have been used for 
years in the major insulating and supporting struc- 
ture of circular-coil transformers. The adoption of 
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flanged collars of this material (Fig. 76) resulted in 
a marked simplification of the insulating and support- 
ing structure at the ends of high-voltage coil stacks. 

Built-up insulating supports used in combination 
with Herkolite flanges on the inside of the stack ends 
of transformers (Fig. 77) provided increased mechan- 
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Fig. 77. 10,000-kv-a. 120,000-volt Transformer Construction 


Employing Herkolite Insulation 


ical and dielectric strength at the points where the 
transmission line is brought into the transformer 
winding. 

A detail improvement in the construction of small 
power transformers of 100 to 500 kv-a. capacity 
(Fig. 78) resulted in a reduction in weight of approxi- 
mately 25 per cent, as well as a reduction in the head 
room required for installation. This consisted of the 
adoption of flat steel radiator piping which presents, 
for a given diameter of tank, a larger exposed radiating 
surface to the air than was possible with the tubular 
radiators formerly used. Electric welding was used 
both for the formation of the radiators and their 
assembly. 


Load Ratio Control . 

The growth in the use of transformers arranged 
for load ratio control is indicated by the fact that 
since the first installation in 1923 a total of 34 three- 
phase banks aggregating nearly 750,000 kv-a. ca- 
pacity have been so equipped. This group includes 
transformers for tying-in two operating systems, for 
properly distributing the load over different portions 
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of the same system, and for electrolytic and metal- 
lurgic processes in industrial service. 

The voltage range for which these equipments were 
designed varied within wide limits; the maximum to 
date being 120 per cent range in voltage in 18 ratios, 
and the minimum 10 per cent voltage variation in 
9 ratios. The largest banks so operated are as 
follows: 


Three-phase—water-cooled—60-cycle regulating 
auto transformer capable of handling 60,000 kv-a., 
for use with three single-phase, 20,000-kv-a. units _ 
rated 132,000 grounded Y—36,000 grounded Y— 
12,000 volts, for the Commonwealth Edison 
Company and three-phase—self-cooled—60-cycle 
regulating auto-transformers capable of handling 
60,000 kv-a., for use with six single-phase, 
20,000-kv-a. units rated 72,600—13,800 volts for 
the Philadelphia Electric Company. 


Automatic control by means of a contact-making ` 
voltmeter was provided for two 3-phase self-cooled 
radiator type transformers (Fig. 79) of 10,000-kv-a., 
60-cycle output each for the Cleveland Electric Illumi- 
nating Company. 


Fig. 78. 500-kv-a. Single-phase Transformer Showing 
Improved Type of Welded Steel Radiator 


These machines transform 11,000 volts to feed a 
grounded Y, 41,400-volt system. To adjust the line 
voltage in accordance with the changing load, the 
high-voltage windings have eleven taps of 21% per 
cent each. To permit a change of taps without inter- 
rupting the load, a part of the 41,400-volt winding 
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is made in two sections, operating normally in parallel 
and dividing the load equally. Each of these wind- 
ing halves is connected to an 11-point ratio adjuster 
(Fig. 80), and the resulting circuits brought out of 
the transformer tank and led to two three-phase 
circuit breakers. 

It is thus possible during the tap-changing period 
to open circuit one section in each phase, and change 
the voltage tap in this open-circuited section while 
the other section temporarily carries the entire load 
of the transformer. Copper of ample cross-section 
and the very short transition period make this pos- 
sible. The same change is then made in the second 
half. The entire change from one voltage tap to 
the next requires only eight seconds. For a brief 
period (less than 11% seconds), when both breakers 
are closed but the two ratio adjusters are one 
tap apart, an internal circulating current exists, 
which, however, is kept within predetermined limits 
by sufficient inherent reactance in the transformer 
windings. 

A motor-operated mechanism mounted on the 
transformer truck insures a properly timed operation 
of the internal ratio adjusters and the external circuit 
breakers. For the proper execution of the tap-chang- 
ing cycle, it is essential that the three corresponding 
ratio adjusters of the three phases move simultaneously 
from one tap to the next, therefore these ratio ad- 
justers are mounted together on the same shaft with 
full phase insulation between them. The resulting 
two stacks of adjusters are arranged in a vertical 
position along the coil stacks of the transformer, and 
their two main shafts connect on top to a special 
internal intermittent gear. Turning the driving 
shaft of this gear train one complete revolution 


will first change one set of three adjusters one step, 
then lock this set, and then turn the second set one 
step. | 

Contact-making voltmeters relieve the operator 
of any manual starting of the mechanism. If the line 


Common 
Winding 


Parallel Winding 


Circuit 
Breakers 


Fig. 80. Diagram of Typical Circuit Arrangement for 
Automatic Load Ratio Control 


voltage deviates from a set value for a period longer 
than a predetermined time value, the tap-changing 
mechanism is automatically put in motion in one 
direction or the other to bring the voltage back to 


Fig. 79. 


Three-phase 10,000-kv-a. Transformers, Showing Control Panels in Center for Automatic Load Ratio Adjustment 


42 January, 1927 


normal. A positive but adjustable time delay is 
insured by a relay, driven by a small induction motor. 
Between the motor shaft and the contact-making 
element a train of gears with a gear shift mechanism 
is introduced, allowing adjustment from one second 
to 30 minutes. 
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Fig. 81. 


GENERAL ELECTRIC REVIEW 


Vol. 30, No. 1 


the experimental work will be conducted on a much 
broader and more practical scale than has heretofore 
been possible. 

The investigative work so far accomplished in- 
cluded a checking up of transmission towers and other 
apparatus for the Great Western Power Company. 


Four of the Six Transformer Units of the 2,100,000-volt Testinz [et at 


Leland Stanford, Jr., University 


Two contact-making voltmeters are used on each 
of the two transformers, one adjusted to respond to 
a narrow range of voltage variations, while the other 
one is set for much wider differences in voltage. If 
the line voltage rises or drops only slightly, and if 
this condition persists long enough to bridge the 
introduced time delay, the transformer will shift 
to the next proper tap. If, on the other hand, a con- 
siderable rise or drop occurs, the second contact- 
making voltmeter will respond, and will cause imme- 
diate adjustment without any time delay. The neces- 
sary instruments, relays, timing devices, etc., are 
arranged on two switch panels. 


High-voltage Testing 

The six-unit, 2,100,000-volt, transformer testing 
set, constructed for the Ryan Laboratory of the 
Leland Stanford, Jr., University, was installed (Fig. 
81), and a comprehensive series of experiments is 
now under way. 

Among the phenomena scheduled for investiga- 
tion are corona, corona losses, space charge, etc., and 
as the laboratory is equipped with larger and more 
powerful units than any previously available, and is 
adjacent to an exténsive field which will permit-the 
stringing and testing of full-sized transmission lines, 


Fig. 82. 


Cast-in Concrete Current Limiting Reactor with 
Asbestos Insulated Conductors 
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REACTORS 


The cast-in concrete current limiting reactor with 
asbestos insulated conductor (Fig. 82) was generally 
adopted for indoor service. The fire-proof insulation 
prevents the short circuiting of the turns, should any 
foreign metallic material such as bolts, nuts, nails, 
screws, etc., get into the winding of the reactor. 

Due to the strong magnetic field about the reactor 
under short-circuit conditions, conducting material 
of this kind is liable to be drawn into the coils, which 
in the case of bare conductor would short circuit the 
turns and start an arc between them. The spreading 
of the arc might cause the whole reactor to flash-over 
and fail. 

The largest oil-insulated, self-cooled, air core, 
current limiting reactor yet built (Fig. 83) gives 
approximately 7.1 per cent reactive drop in a 54,600- 
kv-a., 73,000-volt circuit. A shielding winding which 
is short circuited upon itself and placed just inside 
the tank prevents excessive losses in the tank due to 
the stray flux of the reactor, and gives the reactor 
straight line characteristics, t.e., its voltage is pro- 
portional to the current at all values. 


CAPACITORS 


There was an increasing use of capacitor units for 
the correction of power-factor on the circuits of 
individual motors, many of them of very small 
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Fig. 83. Assembly of Coils for Disk Coil Self-cooled, 
1300-kv-a. 3000-volt Reactor 


capacity. This method has been found to be particu- 
larly effective where a large number of small induc- 
tion motors are used for individual drive in industrial 
plants such as textile mills, or wherever the cumula- 


tive effect of the reactance of a large number of small 
motors produces serious results in the form of low 
power factor on the generating and distribution 
system. The use of individual capacitor units with 
each motor corrects this trouble at its source. 


Fig. 84. Capacitors Installed in Weather-proof Case 
for Pole Mounting 


A pole type capacitor unit (Fig. 84) was designed 
for mounting on poles in the same way and with the 
same facility as small distribution transformers. 
The units are enclosed in weather-proof casings, 
fitted with standard hanging hooks, and range in 
size from 5 to 120 kv-a. single phase, and 30 to 120 
kv-a. polyphase. 


CONDUCTOR CABLE 


About 300,000 feet of 132-kv., single-conductor 
cable was completed for the New York Edison Com- 
pany and the Commonwealth Edison Company, and 
both installations are now nearing completion. 

The production of this cable involved the creation of 
a new manufacturing technique, but, in spite of this, 
no section of the cable so far produced has failed 
under test. In fact all test requirements were ex- 
ceeded by liberal margins. 

A large percentage of the troubles involved in the 
operation of underground cable systems are found 
to originate in the joints, and in order to avoid future 
difficulties from this cause in the operation of high- 
voltage conductor cables, a new type of oil-filled 
joint (Fig. 85) was designed, which differs radically 
from preceding types. ¿E 
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Instead of being sheathed in lead, the new joint is 
provided with a spun-copper shell or sheath which is 
divided into two parts in a vertical plane so as to 
permit of a telescope fitting. This method of con- 
struction was first used by the Cleveland Electric 
Illuminating Company. Where the manholes are 
of unusually limiting dimensions, the sheath can 
be made in four telescoping sections. It is provided 
with an oil reservoir which utilizes a liquid oil in 
place of the semi-solid greases and waxes character- 
istic of the older types. The arrangement of the 
insulation has been designed to equalize the longi- 
tudinal and tangential electrical stresses involved 
in the operation of high-tension, underground 
systems. 

Repeated tests of this joint on cable circuits of 
from 44-kv. to 132-kv. have shown it'to be stronger 
than the cable both under long-endurance voltage 
tests and short-time puncture tests. 


CABLE TESTING 


The increase in the use of high-capacity, high-volt- 
age, underground cable for distribution systems 
called for a corresponding development in equipment 
for cable testing. One such testing set includes the 
largest sine wave generator ever built, as well as test- 
ing transformers of record capacity. 

The generator will be rated 2000 kv-a., 2300 volts, 
_ 3 phase, 60 cycles, 1200 r.p.m., and will be capable 
of delivering 1200 kv-a. single phase. It will be driven 
by a direct-connected synchronous motor rated 600 
kv-a., 3 phase, 60 cycles, 440 volts. 

The set includes three 60-cycle, 400-kv-a., 2300/- 
200,000-volt testing transformers. These are prob- 
ably the highest capacity transformers of this voltage 
ever built for testing service, as they are rated 2 
amperes at 200,000 volts. 

Two 400,000-volt (to ground) direct-current (keno- 
tron) cable-testing sets were provided for testing 
the 132,000 cable installations of the New York 
Edison and Commonwealth Edison systems. Each 
set consists essentially of two 200,000-volt sets in 
series, the second unit being installed on an insulated 
platform and excited through insulating trans- 
formers. Ten kenotron tubes are operated in series 
for the full voltage connection, but these may be 
series multipled for lower voltage, higher current 
outputs. 


AUTOMATIC STATIONS 


The application of automatic switching equipment 
for 1926 showed a marked increase pver previous 
years. While no radical changes occurred in design, 
numerous detail improvements were put into effect. 
Each succeeding year automatic control has been 
applied to machines of larger capacities, and some 
of the more important classes of equipment have 
already attained a high degree of standardization. 
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Railway Substations 


A survey of railway substation work is of particular 
interest from the fact that more than half of all new 
installations are using automatic control. This applies 
both to synchronous converters and to synchronous 
motor-generator sets. It is also noticeable that the 
range of sizes being used for automatic substations 
is from 300 to 3000 kw. per unit, while the range for 
manually operated equipments is from 200 kw. to 
4000 kw. From this it is apparent that no limitations 
as to the size of the units are interposed to restrict 
the use of automatic control as was the case with 
earlier applications. 
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Fig. 85. Oil-filled Joints for High-voltage Single-conductor Cables, 


Showing the Arrangement of Flexible Oil Reservoirs 


Notable installations of manually operated sub- 
stations include two 3000 kw. units for the Philadel- 
phia Rapid Transit Company, one 4000-kw. unit for 
the Pennsylvania Railroad Company (New York 
Terminal), three 2000-kw. units for the New York 
Railways, and five 500-kw. units for the Scioto Valley 
Railway and Power Company. This last named com- 
pany is revamping its existing stations to take 
advantage of a 60-cycle supply. 

One of the earliest of the electric railway systems 
to adopt automatic control was the Chicago, North 
Shore and Milwaukee Railway. During the year this 
company added to its equipment two 1500-kw. auto- 
matically controlled synchronous converters. It now 
has 17 automatic substations in service. 
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Two unique portable railway automatic substa- 
tions were built for the Houston North Shore Railway 
Company. Each consists of a 45 ft. long, totally 
enclosed, special type of freight car containing a 300- 
kw., 600-volt d-c. synchronous converter, power 
transformer, automatic control equipment, and other 
auxiliary apparatus. | 

High-tension power at 33,000 volts is brought in 
through insulators in the center of the car roof. The 
converter is tapped directly to the trolley through 
machine load limiting resistors which are part of the 
automatic equipment. 
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capacity of 3000 kw. These stations are to be entirely 
automatic in operation and are to be supervised by 
an audible supervisory system from the dispatchers’ 
office. High-speed air circuit breakers are provided on 
the positive and negative sides of each machine. There 
are two 1500-volt d-c. feeders in each station, and the 
load delivered is limited by motor-operated field rheo- 
stats. The equipment is arranged for regeneration. 
An automatically controlled 1000-kw., 600-volt 
d-c. mercury arc rectifier equipment (Fig. 86) was 
placed in operation on the Skokie Valley Division of 
the Chicago, North Shore and Milwaukee Railway. 


Fig. 86. 1000-kw., 2-unit Mercury Arc Rectifier Set in Substation of Chicago, North Shore and Milwaukee Rwy. 


The New York Central Railroad Company is 
installing two 2500-kw. 666-volt d-c. automatically 
controlled synchronous converter equipments for 
its Harmon, New York, station and two single-unit 
equipments of 2500 kw. capacity each for stations to 
be located at Phillipse Manor and Hastings, New 
York. These two latter stations will each have an 
ultimate capacity of two 2500-kw. converters. All 
of the machines will employ the Y-Delta method of 
starting and are rated to carry 150 per cent load for 
three hours, 200 per cent for 30 minutes and 300 per 
cent for one minute. 

These installations when completed will triple the 
present total of 7500 kw. of automatically controlled 
equipment, which has been in operationfor several years. 

The Anglo-Chilean Consolidated Nitrate Corpora- 
tion is including as part of a railway electrification 
complete equipment for two double-unit 1500-volt 
d-c. motor-generator substations having a combined 


The Chicago, South Shore and South Bend Railway 
in changing over its entire electrification from alternat- 
ing current to 1500-volt direct current, has already 
re-equipped a total of eight substations, only two 
of which are manually operated. Two of the six 
automatically controlled stations have 1500-kw. con- 
version units consisting of two series connected — 
synchronous converters, one being provided witha 
double tank 1500-kw. mercury arc rectifier and the 
remaining three with single-unit 750-kw. mercury 
arc rectifiers. There are two 1500-volt d-c. automatic 
reclosing feeders in each of the eight stations. 

The entire system is supervised from two dispatch- 
ing stations by means of carrier current selector 
supervisory equipment. The load dispatching station 
handles the control and indications of the incoming 
a-c. line breakers and the automatically controlled 
conversion units. This station also receives indications 
from the reclosing feeders in all eight stations. The 
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train dispatching station handles the control and 
indication of all the reclosing feeder equipments and 
receives indications only of the incoming a-c. line 
breakers and the conversion units. 

The Boston Elevated Railway Company sl 
automatic control for two 3000-kw., 600-volt d-c. 
synchronous converters in its Harrison Square Sta- 
tion which is somewhat similar to the equipment 
of the Oak Square Station (Fig. 87). This double- 
unit equipment will be linked in and controlled 
by an existing installation of the distributor super- 
visory system already employed in operating other 
automatic stations which have been in service for 
some time. 


Mining and Industrial Substations 


Equipment for mining and industrial service was 
simplified, and certain devices were eliminated, by 
combining in a single unit the functions previously 
exercised by two or more devices. 

A new design of automatic reclosing equipment 
for inside of mine sectionalizing (Fig. 88) provides 
automatic overcurrent protection in that it dis- 
connects the overloaded or short-circuited section 
of line from the remainder of the system, and recon- 
nects it when normal conditions are restored; the 
load indicating resistor scheme being used for reclosing. 
It will feed in either direction and operate over a 
range of 70 to 110 per cent of normal voltage. 

Many industrial organizations have found auto- 
matic control so reliable that they are changing over 
their existing manual stations. Others are installing 
either complete or partial automatic equipment 
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provided with push-button starting-and-stopping 
stations. In some cases an operator will be maintained 
at these stations simply to start and stop the equip- 
ments and at other times to act in the capacity of 
watchman. The general change-over is due entirely 
to the demonstrated superior accuracy, rapidity, and 
reliability of automatic control as compared with 
manual control. 

A few of the users of this class of equipment are the 
Illinois Steel Company, Anaconda Copper Mining 
Company, Loraine Steel Company, and the Michigan 
Copper and Brass Company. 

The Commonwealth Steel Company installed and 
placed in operation at Granite City (Ill.), a two-unit 
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automatically controlled synchronous motor-generator 
station with counter E.M.F. regulator control. One 
generator is 1800 kw. and the other 900 kw., and 
they both furnish power to the steel foundries at 250 
volts direct current. 

The Boston Elevated Railway provided a double- 
unit automatic frequency changing equipment to 
supply one of its service shops with 621% cycles 
from its 25-cycle power supply. The combined rating 
of the two machines is 1250 kv-a. and the control 
is so arranged that either machine may be made 
leading, the second unit being automatically syn- 
chronized and connected.on load demand. 


Hydro-electric Stations 

The largest single-unit, automatically-equipped, 
waterwheel generator with supervisory equipment so 
far constructed will be installed at the Glines Canyon 
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Power House of the Northwestern Power and Light 
Company in the state of Washington. 

This machine is rated 13,333 kv-a. and generates 
6600 volts, at 60 cycles. It is driven by a 17,500-h.p. 
waterwheel. It will be supervised from the Elwha 
plant of the power company by a selector type of 
supervisory control by means of which the hydro- 
electric equipment may be started and stopped, the 
speed may be increased or decreased, the voltage of 
the generator may be raised or lowered, and the load 
on the generator may be increased or decreased. In 
addition to indicating all of these operations at the 
Elwha plant, eight points of gate opening will also 
be shown. 


Fig. 88. Mine Sectionalizing and Reclosing Unit 


The State Electricity Commission of Victoria 
(Australia) is equipping five of its Sugar Loaf Rubicon 
hydro-electric stations with automatic control, two 
being double units and three single units, representing 
a combined capacity of 27,900 kv-a. Selector and cable 
type of supervisory equipment will be used to control 
these equipments from an existing manual station. 


Direct-current Lighting Stations l 

The Union Electric Light and Power Company, 
of St. Louis, placed in operation a 2250-kw., 250/125- 
volt synchronous converter with full automatic 
control to supply the downtown lighting district. 
Taps on the high side of the transformer and a booster 
were provided to give voltage variations down to 
60 per cent of normal. 

In addition to the converter, two 1875 kw. auto- 
matically controlled synchronous motor-generator 
sets were installed in the same station and are used 
to supply power on load demand. Additional and 
similar synchronous motor-generator equipment 


is under construction for another station of this 
Company. 

The Milwaukee Electric Railway and Light Com- 
pany is equipping one 3900-kw., 125/250-volt syn- 
chronous converter station with full automatic 
equipment, and one other converter of like capacity 
with automatic control on the d-c. side only. The ma- 
chines are provided with load limiting resistor feeders. 


Alternating-current Lighting Stations 

The Gulf Electric Company is applying complete 
automatic equipment to an 11,000-volt, 10,000-kv-a. 
synchronous condenser which has been operating 


Fig. 89. 600-volt, 1600-amp., Direct-current Reclosing 
Feeder with Solenoid-operated Breaker 


for some time at the terminus of a long 110-kv. 
transmission line to regulate voltage variations. 
The automatic feature is not intended to prevent 
interruptions which are really unavoidable, but to 
shorten them materially by performing the functions 
of several operators simultaneously. 

The Cleveland Electric Illuminating Company is 
automatically controlling a transformer ratio adjuster 
for two 10,000-kv-a. transformer banks. The func- 
tion of the automatic equipment will be to act as a 
voltage regulator on interconnecting a-c. lines, so 
that when a change occurs in voltage a voltmeter 
relay indicates the change by starting the tap changer 
mechanism in the proper direction to raise or lower 
the voltage according to the indication. 


Direct-current Feeders 

The practical application of a recently designed 
direct-current solenoid-operated air circuit breaker 
to reclosing feeder equipment (Fig. 89) was com- 
pleted and it is now built in 1200-, 2000-, 3000-, and 
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5000-ampere sizes with a very wide adjustment range. 
It has an operating range of 300 to 650 volts, and will 
reclose on stub or multiple feed by means of energy 
from either bus or feeder. 


Fig. 90. 1500-volt, Truck Mounted Direct-current Reclosing 
Feeder for Illinois Central R. R. Co., Chicago, Illinois 
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Fig. 91. 2300-volt, Alternating-current Reclosing Feeder 
Equipment in New Design of Switch House 
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The breaker used has a self-contained overload 
tripping device, and is latched in its closed position, 
thus requiring the operating coil to be energized for 
only a short time during each closing operation. It 
does not drop out on voltage dips. 

The load indicating resistor scheme is utilized for 
reclosing, the action occurring within a definite 
time after the feeder has opened, provided the indica- 
tion of severe load or short circuit has previously 
disappeared. A current transformer trip can be 
employed when it is desired to trip on a rate of rise 
of current rather than on overload. 


Fig. 92. Synchronizing and Control Panels for Two 
6600-volt Alternating-current Reclosing Feeders 


The Illinois Central Railroad in the electrification 
of its Chicago Terminal and Suburban lines utilized 
truck-type, automatic reclosing, 1500-volt feeders, and 
tie or sectionalizing breakers (Fig. 90), which play 
an important part in handling the power for this 
system. By means of the selector type of supervisory 
equipment, the control and indication of a total of 
approximately 80 feeders, including those in the sub- 
stations and at the tie stations, are under the com- 
plete supervision of the load dispatcher at the Ran- 
dolph Street Station. The equipments under control 
are located at various points along the 45 miles of 
electrified railway. 


Alternating-current Feeders and Line Equipments 

The most noteworthy advances secured in connection 
with a-c. reclosing feeders and incoming line equip- 
ments were the substitution of induction type relays 
for the plunger type, and the general adoption of mo- 
tor-driven timing devices for the plunger and air bel- 
lows combination. Some desirable improvements were 
also made on the reclosing relay used with these feeders. 
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The use of the outdoor type of a-c. reclosing feeder 
was notably increased, and a new type of steel house 
(Fig. 91) was designed which differs from the previous 
type in that it is self-supporting and without an 
internal framework other than the supports for 
mounting the breaker and mechanism. 

Synchronizing and synchronism check equipments 
were developed and are being used where it is either 
necessary to connect together independent power lines, 
or to tie together two or more lines which are supplied 
from the same source. Installations of this type were 
made by the Wheeling Electric Company at Ben- 
wood (W. Va.), (Fig. 92); the Indiana General Service 
Company, at Gas City (Ind.); and the Ohio Power 
Company at Rutland (O.). 


Fig. 93. Panel-mounted Selector Supervisory 
Equipment for Dispatcher's Office 


Supervisory Equipment 

As the result of the wide-spread acceptance of the 
use of supervisory systems with the various branches 
of automatic control, selector supervisory equipment 
was designed for panel mounting (Figs. 93 and 94) 
to match existing automatic station apparatus in 
appearance. Some elaborate equipments of this class 
were constructed for the Illinois Central Railroad 
Company, the Chicago, North Shore and Milwaukee 
Railway Company, the Utica Gas and Electric 
Company, and the Chicago, South Shore and South 
Bend Railway Company, the latter being a combina- 
tion of selector and carrier-current control. 

Installations of the cable type of supervisory equip- 
ment were made by the New York, New Haven and 
Hartford Railroad Company; the Illinois Power and 
Light Company, the Florida Power and Light Com- 
pany, and the Miami Railway Company. The dis- 


Fig. 94. Panel-mounted Selector Supervisory 
Equipment for Outlying Stations 


tributor type of supervisory equipment was applied 
by the Cleveland Electric Illuminating Company, 
Pacific Gas and Electric Company, Public Service 
Electric and Gas Company, San Diego Consolidated 
Gas and Electric Company, and the Hartford Electric 
Light Company. 


Telemetering 


Two new types of telemetering equipment were 
produced, one a position impulse type and the other 
a frequency impulse type. Both are being applied 
in connection with supervisory systems. 

By means of the position impulse type (Fig. 95), 
meter readings of all kinds may be transmitted over 
considerablé distances with surprising accuracy, and 


Fig. 95. Substation Transmitting Equipment 
for Position Impulse Telemetering System 


may be indicated on instruments in the dispatcher’s 
office. Installations of this class were made by the 
Pacific Gas and Electric Company and the Cleveland 
Electric Illuminating Company. 

The frequency impulse type of telemetering equip- 
ment is of comparatively recent development and is 
applicable only to transmitting readings of rotating 
types of meters, such as the kilowatt-hour meter, etc. 
The Montaup Electric Company is now utilizing 
such an equipment to meet the following conditions: 
This company purchases power from the New England 
Power Company and is penalized if a certain pre- 
determined capacity is exceeded. The telemetering 
equipment totalizes and indicates in one dispatching 
station the kilowatt-hour readings from several distri- 
bution stations, and if the demand exceeds the prede- 
termined amountan alarm is sounded in all the stations 
as a signal for the operators to adjust their loads. 
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OUTDOOR STATIONS 


There was a continued growth in the demand for 
outdoor station equipments (Fig. 96), and for dis- 
connecting switches for 154 to 220 kv., which forms 
a clear indication that the application of these 
voltages to the transmission systems of the country 
is steadily increasing. 
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Fig. 96. 300-kv-a. 33,000-volt Outdoor Station Equipment with Automatic Reclosing Feeder 


Further progress was made in the standardization 
of outdoor stations, and a new line of standard 
stations was designed to take care of stub-end trans- 
former step-down stations of voltages of 37 kv. and 
below, and of transformer bank capacities of 3000 


Fig. 97. 37,000-volt, 400-amp. Triple-pole Horn Gap 
Disconnecting Switch for Manual Operation 


kv-a. and below. Steel structures for such stations 
were produced in two sizes, which with slight modi- 
fication, can be arranged for thirty-one different 
combinations of switch-gear. 


Many new types of disconnecting switches were 
built, among them a horn gap type for voltages of 
15 to 73 kv. and 400- and 600-amp. rating. 

This switch (Fig. 97) is of the tilting insulator type 
with a short, stubby blade which closes with a chop- 
ping action into a floating contact made up of two half- 
cylinder copper blocks acting against double helical 

springs. These springs press 
iN ~~ the cylinders against the 
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Fig. 98. Expulsion Fusible Cutout Used 
as a Disconnecting Switch 


produced with manual or motor-operating mech- 
anisms. This type of switch is designed to isolate six 
poles of an oil circuit breaker by means of one operating 
mechanism which may be manually or motor actuated. 
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A new type of fuse was developed for voltages 
of 73 kv. and below, and ampere ratings of 100 and 
below, which minimizes the faulty operation of 
fuses due to incorrect fusing by the operator. The 
fuse holder is made up in such a manner that the 
blowing of the fuse makes it necessary to discard the 
fuse holder, so that the operator has to install an 
entire new holder and fuse. 

To meet this condition without involving consider- 
able expense, the fuse holder is made in the form of 
a very inexpensive impregnated fiber tube (Fig. 98), 
in which a fuse element of very short length is sus- 
pended and connected to a flexible, copper pig-tail, 
which in turn is held taut by a bronze spring. 
The melting of the fuse wire releases the tension on 
the copper pig-tail and allows the compressed spring 
to be released, forcing the copper pig-tail out of the 
fibre tube, and thus allowing a free path for the gas 
to be discharged. This type of fuse has exceptionally 
high interrupting capacity and a wide application on 
high tension systems. 

A new line of resistors for 15-, 25-, and 37-kv. circuits 
permits fusing the potential transformer circuits on 
systems having short circuit kv-a. in excess of the 
interrupting capacity of the fuses used. 


SWITCHING APPARATUS 


There were numerous developments in this class 
of apparatus, particularly in oil circuit breakers, 
three new types being produced, together with im- 
proved bushing current transformers, new operating 
mechanisms, an entirely new undervoltage device, 


Fig. 99. Solenoid-operated Circuit Breaker, 
37,000 Volts, 600 Amp. 


and the application of previously existing designs 
of breakers to truck type installation. 

Control switches to meet special operating require- 
ments were also designed, together with a number 
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Fig. 100. View of Explosion Chamber of Oil Circuit Breaker 
Showing Arrangement of Rod and Segment Contacts 


Oil Circuit Breakers 

Of the three new types of oil circuit breakers, two 
were designed for outdoor and one for indoor service. 
The first, an oval tank type (Fig. 99), for operation 
on circuits of 15,000 to 88,000 volts, is one of the first 
oval tank breakers to employ an “internal” breaker 
mechanism totally enclosed in the top cover or breaker 
frame. This construction not only makes the mechan- 
ism absolutely weatherproof, but it also positively 
prevents the establishment of any unbalanced pres- 
sure on the contact operating rod, and thereby pre- 
vents the reclosing of the contacts after interruption 
of abnormal currents. 

As this breaker has a larger and stronger top 
frame than its predecessor, the combination of 
internal mechanisms, larger frames, of greater 
strength, and stronger tanks, gives it an interrupting 
capacity considerably higher than that of the earlier 
oval tank breaker. Units of this type in capacities 
ranging from 175,000 to 500,000 kv-a. effectively 
bridge the gap formerly existing between those of 
the earlier oval tank and the present higher capacity 
round tank breakers. The design includes either 
finger-and-wedge contacts, or rod-and-segment con- 
tacts in explosion chambers, the latter type (Fig. 100) 
having the greater interrupting capacities. 

With the new oval tank oil circuit breaker affording 
moderate interrupting capacities on circuits of 15,000 
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to 88,000 volts, it was also necessary to develop a 
unit of similar capacity for duty at extremely high 
voltages, where the only breaker formerly available 
was the high capacity round tank breaker. This was 
accomplished by the introduction of a line of plain 
break, moderate capacity, round tank oil circuit 
breakers to supplement the existing line of round tank 
breakers, which are equipped with explosion chambers. 

The new type (Fig. 101) has internal breaker 
mechanisms, separating chambers, triple-welded steel 
tanks, interchangeable bushings—in short, it possesses 
all the advantageous features of the higher interrupt- 
ing capacity breakers with the single exception of 
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Fig. 101. 132,000-volt, 400-amp. Oil Circuit Breaker with 


Motor-operated Mechanism 


their contacts which, being of the wedge-and-finger 
type (Fig. 102), make possible a considerable reduc- 
tion in cost where a maximum of interrupting capacity 
is not required. These breakers are built for voltages 
of 110,000 volts and above, with normal current 
ratings of 800 amperes, and with interrupting 
capacities of 500,000 to 750,000 kv-a. 

The new indoor breaker was designed for very 
severe service. It uses a separate round tank for 
each phase (Fig. 103) and is rated for 15,000, 
25,000, or 37,000 volts, with normal current ratings 
up to 3000 amperes and interrupting capacities 
from 400,000 to 1,500,000 kv-a. This type was devel- 
oped to supersede an earlier breaker of some- 
what similar appearance, the essential modifications 
consisting of an improved method of supporting 
the tanks, a more substantial mechanism and top 


GENERAL ELECTRIC REVIEW 


Vol. 30, No. 1 


frame, and improved contact construction in those 
units which are equipped with explosion chambers. 

This combination of improvements, together with 
the retained advantageous features of the earlier 
type, makes this breaker suitable for indoor service 
of maximum severity, while certain minor changes, 
such as the addition of drain and fill valves, facilitate 
proper maintenance. 

An improved bushing type current transformer 
used with oil circuit breakers, power transformers, 
and other high-voltage apparatus, consists of a 
laminated iron core of hollow-cylindrical section 
with a secondary winding, suitably insulated. The 
transformer is mounted in the top frame of the 
apparatus, surrounding a bushing. In oil circuit 
breakers, these transformers may be provided for one 
or for both bushings of each unit. 


Fig. 102. Unit Pole of Oil Circuit Breaker Showing 
Arrangement of Wedge and Finger Contacts 


Formerly, the transformers were specially wound 
for each application, and no taps were provided on 
the secondary winding, with the result that it was 
necessary to remove the transformers and rewind 
them whenever some ratio was required other than 
that originally specified. The new transformers have 
their secondary windings provided with taps at 
three points in addition to the usual terminals, and 
standard 400-, 800-, 1200-, 1600-, and 2000-ampere 
sizes are now made for all voltages. 

By virtue of the various tap combinations, ratios 
of transformation throughout a considerable range 
are easily obtained by merely changing connections 
at the terminal block. 

There was an increased use of truck-mounted oil 
circuit breakers resulting in the design of a new type 
of truck mounting for this class of apparatus. The 
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truck and housing are entirely of steel construction, 


the operating mechanism is mounted on top of the 


truck, and the entire unit then rolls into the housing. 
An automatic shutter positively prevents contact 
with the live disconnecting devices when the truck is 
removed. 

A system of interlocks controlled from a handle 
placed in the upper left corner of the truck 
positively prevents removal or replacement of the 
truck when the breaker is closed, or the removal of 
the steel doors from the truck compartments when 


Fig. 103. 15,000-volt, 500-amp. Oil Circuit Breaker Showing 
Use of Separate Round Tank for Each Phase 


the truck is in place. Provision is also made for dis- 
connecting the breaker from the main source of 
power while retaining connections for the operating 
mechanism circuit. 

The truck is equipped with roller-bearing wheels, 
an indicator to show the position of the breaker 
contacts, and self-aligning disconnecting devices 
which automatically disconnect the breaker from 
the circuit when the truck is removed. The outstand- 
ing advantage of this type of construction is its 
exceptional safety factor due to the use of a truck 
and housing positively grounded, and completely 
enclosing all live parts. 

The increasing complexity of power systems, the 
use of time-intervals in tripping oil circuit breakers, 


and the growth in the value of apparatus protected: 


by oil circuit breakers have demanded of the operating 


mechanisms for those breakers a new performance 
characteristic: the operating mechanisms must be 
““trip-free.”” This means that the mechanisms must 
be so constructed that the breaker cannot be held 
closed against any abnormal condition that will 
energize the trip coil, directly or otherwise. 

This principle had already been applied to several 
motor-operated centrifugal mechanisms and to several 
manual operating levers, but during the year it was 
applied to a solenoid mechanism and to a motor- 
operated mechansim for a large indoor oil circuit 
breaker. A new manual operating lever also uses this 
““trip-free” principle. 

A new motor mechanism that provides ‘‘trip- 
free” operation has been especially designed for 
isolated-phase arrangements of large indoor oil circuit 
breakers. It has two sets of springs which, when 
charged by the operation of the motor, are released 
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Fig. 104. 800-amp., 230-volt Air Circuit Breaker for 
Underground Network System 


by operating the closing and opening control switches 
to effect, respectively, closing or opening of the 
breaker contacts. | 

Trip-free operation has long been a part of 
manual operating levers, but a new manual lever 
embodies superior mechanical construction, not only 
insuring positive trip-free action, but also affording 
a closing force greater than that obtainable from a 
comparable lever of earlier design or equal to that 
obtainable from a larger lever of earlier design. It 
has been standardized for a range of application 
that formerly required two different types of levers. 


Air Circuit Breakers 

To afford protection for underground network 
systems, an air circuit breaker (Fig. 104) of the double 
pole, magnetic blowout type was produced. It is 
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closed by means of a motor driven centrifugal mech- 
anism, is equipped with reverse power relays, and 
is so arranged that the breaker will automatically 
disconnect the faulty feeder with its transformers 
from the network in the event that power flows from 
the network to the feeder. As soon as the conditions 
of the network and the feeder are restored to normal, 
the circuit breaker closes automatically, again connect- 
ing the feeder and its transformers to the network. 


Fig. 105. 2000-amp., 650-volt Solenoid-operated 


Overload Air Circuit Breaker 

The breaker and equipment are mounted in a 
water- and gas-tight box, suitable provision being 
made for incoming and outgoing leads, and are 
arranged so that the breaker can be opened or closed 
by hand from the exterior of the box when such 
operation is necessary. The open or closed position 
is indicated by lamps, visible through colored lenses 
from the outside of the enclosing case. 

An improvement in the operating mechanism of self- 
contained solenoid operated circuit breakers (Fig. 105) 
provides a thoroughly dependable latching arrange- 
ment combined with a closing toggle mechanism which 
insures the secure latching of the circuit breaker in the 
closed position and requires but a small amount of 
power tounlatchit, makinga greater rangeof calibration 
possible without the necessity of delicate adjustment. 


Relays 

In order to protect polyphase lines against under- 
voltage, open phase, or reverse phase rotation,there 
was produced a relay (Fig. 106) consisting of a 
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watthour meter magnetic element with two potential 
coils. These coils are so connected that under normal 
conditions they hold the relay contacts closed. If the 
voltage drops below a predetermined value the 
torque developed by the relay decreases and the 
contacts open. The disk is slotted so that a snap 
action is obtained on either closing or opening the 
contacts. 

On single phase only one coil of the relay is ener- 
gized and no torque is developed, so that the contacts 
open by the action of the control spring. When the 
phase rotation is reversed the flux relations between 
the two coils are reversed so that the torque developed 
opens the contacts. 

The growing demand for more reliable service on 
alternating-current systems led to the development 
of an alternating-current secondary network system 
of distribution. It consists of a low tension network, 
with the mains interconnected at many points, fed 
through automatic switches from a number of dis- 
tribution transformers. These transformers are ener- 
gized by a number of high tension feeders so that 
loss of any particular feeder will not cause a loss of 
voltage on the network. 


Back View 


The protection of such systems requires means for 
isolating defective parts of the high tension system, 
while low voltage faults are allowed to burn clear. 
In addition to isolating faults, it is desirable to dis- 
connect any transformers from the network when the 
feeder supplying that transformer is de-energized. 
This permits a saving due to the elimination of core 
loss in some of the transformers during light load. 
When this is done, it is necessary to provide means 
for closing the switch on the low-voltage side of the 
transformer when the high tension feeder is again 
energized. 

A relay provided to meet these conditions consists 
of a directional element having a potential coil, a 
current coil, and a double throw contact member. 

The potential coil is connected across the network 
and the current coil is so connected as to be energized 
in accordnce with the current through the line with 
the switch closed, and in accordance with the voltage 
across the switch when the switch is open. The relay 
operates to trip the switch when current flows from 
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the network to the transformer, whether this current 
is due to a short circuit, or is only the magnetizing 
current of the transformer. It operates to reclose 
the switch when the voltage conditions are such as 
to cause power to flow into the network. 

A relay for ground fault pro- 
tection (Fig. 107) operates on the 
watt principle, the coil on the 
magnetic structure used in a 
watthour meter for the current 
coil being supplied with the resid- 
ual current of the three line cur- 
rent transformers. The coil on 
the potential magnetic structure 
is excited in most cases from three 
potential transformers. These are 
Y-connected on the primary side 
with the neutral grounded, and 
delta-connected on the secondary 
side with one corner left open 
which is connected to the relay. 
There is, therefore, normally no 
voltage on the potential coil 
except at the time of ground 
fault, when a maximum of full 
delta voltage is applied. 

When the neutral through which 
the transformer or generator is 
grounded is available at the station where the 
ground fault protection is desired, the coil .on 
the potential magnetic structure is excited by a 
current transformer in the grounded neutral. A 


ary 
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Fig. 108. Overcurrent and Power Directional Relay 


resistor is also paralleled with this coil to obtain a 
difference in phase between the two magnetic fluxes 
in the relay. 

In the more unusual case where the neutral is 


grounded througk a resistor; application is. made of . 


the relay in which the potential coil is excited by the 
drop across the resistor. 

Another relay that was developed for ground fault 
protection (Fig. 108) is similar to that just described, 
but obtains its operating current from the current 


Fig. 109. Safety Enclosed Unit Removable Truck Panel Switchboard for Penn 
Central Light and Power Company 


transformer in the grounded neutral, and from the 
residual current of the three line current transformers. 
The time of operation is obtained from an overcurrent 
relay connected in either of the two current circuits. 
The directional element is the same as that in the pre- 
ceding relay except that no time adjustment is included, 
it being generally set for very prompt action and rely- 
ing on the overcurrent element for the time feature. 


Switchboards 

A typical switchboard made up of safety enclosed, 
removable truck panels of the new design (Fig. 109), 
embodies several improvements, especially in the 
interlocking features and methods for inserting and 
removing the trucks from the housings. Several 
switchboards of this design are installed in power 
stations and industrial plants in various parts of the 
country where the potential of the circuits ranges up 
to 15,000 volts and where 2000 amp. is the maximum 
required current capacity of the oil breakers, which 
are mounted on the trucks. 


Selsyn Apparatus 

This apparatus is used to indicate at a remote 
point the actual positions of the device to which it is 
applied. The transmitter rotor is mechanically 
operated by the device to which it is applied, and the 
indicator rotor, which is electrically connected to 
the transmitter rotor, moves to the same relative 
stator pasition to give the indication. 
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The Selsyn motor or indicator is in most respects 
like a three-phase induction motor having a shuttle- 
wound rotor with definite poles and a winding which 
is connected through slip rings to an alternating- 
current source of excitation. The generator or trans- 
mitter is of the same construction and is connected 
(Fig. 110) to the same source. 


A.C. Excitation Source 


Fig. 110. Diagram of Connections Showing Windings of 
Selsyn Motor and Generator 


With this connection, and with the supply circuit 
closed, an alternating voltage is impressed upon the 
interconnected rotors. Therefore, since the indicator 
rotor is free to turn, it will take a position correspond- 
ing to the position of the transmitter rotor, and if the 
transmitter rotor is turned the indicator rotor will 
follow it in the same direction. 

The reason for this synchronous operation is that 
the single-phase current in the rotor induces voltages 
in the three legs of the stator circuits. These three 


Fig. 111. Selsyn Pedestal Equipped 
with Selector Switch 


voltages are unequal and vary with the positions of 
the rotors. When the indicator rotor is in exact 
correspondence with the transmitter rotor, the voltages 
induced in the indicator stator are equal to and balance 
the voltages induced in the transmitter stator so that 
no current will flow in the stator (secondary circuit). 
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If the indicator rotor is restrained from assuming 
the same position as that of the transmitter, the 
induced voltages of the transmitter and indicator 
stators will no longer be equal and balanced and 
current will flow in the stator circuits. This current 
will react upon the rotors and set up a torque which 
tends to bring them into agreement. As the trans- 
mitter rotor is operated mechanically or manually, 
as the case may be, the torque reacts against the 
force which restrains the indicator, thereby bringing 
the indicator rotor into correspondence with the 
transmitter. 

A typical Selsyn signal pedestal (Fig. 111) has a 
transmitter operated by hand to transmit signals 
from the switchboard room to the generator. The 
attendant upon hearing a bell ring observes that a 
globe on one of the pedestals is lighted. He then 
reads on the upper dial that the operator has issued 
an order. He turns his transmitter handle to the 
same order which, indicating on the upper dial of 
the switchboard room pedestal, assures the operator 
that the proper order has been received and carried out. 


Fig. 112. Selector Switch (front view) 8-stage, 4-throw, 
for Selsyn System 


By adding a compact transfer switch (Fig. 112) 
to the pedestal in the switchboard room it is possible 
to send signals to four or more generator pedestals 
one at a time. 

The bell and lamp circuits may be operated either 
by push buttons or tumbler switches or by turning 
the handle of the transmitter. In the latter case the 
operator causes the proper lamp to light when he 
turns the handle of his transfer switch to the number 
of the generator pedestal with which he desires to 
communicate. He then turns his transmitter handle 
to the proper order which, in addition to causing the 
generator pedestal indicator to move to this order, 
also rings a bell in the generator room. The bell is 
silenced when the generator room attendant moves 
his repeat-back transmitter to the order received. 


METERS 


Radical changes were made in the design of the meter 
body and instruments used with electric flow meters. 
In the new body (Fig. 113) steel forgings replaced 
steel castings and all joints were welded to reduce 
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the possibility of leakage. A drop leg was also provided 
to prevent the loss of mercury when the meter is 
over-deflected. 

The new type integrating instrument takes advan- 
tage of the electro-magnetic damping that exists in 
the ordinary watthour meter. This damping was 
strengthened to such an extent, by increasing the 
flux from the shunt coil, that permanent magnets 
could be eliminated. This results in an instrument 
that functions entirely as an admittance meter due 
to the fact that any change in the voltage impressed 
on the meter circuit produces changes in the retarding 
and driving torques that are exactly equal, with the 
result that there is no change in the disk speed for a 
given ohmic impedance of the flow meter circuit. 


Fig. 113. Welded Steel Flowmeter Body 
with External Mercury Chamber 


The indicating and curve drawing instruments 
(Fig. 114) of the induction type both use the same 
electrical unit. This unit consists of a special watthour 
meter element arranged to rotate a copper disc which 
is in turn connected to an indicating pointer or 
recording pen, but instead of this torque being opposed 
by a spring, in the usual manner, a second induction 
element is arranged to furnish the opposing torque 
in varying degrees to balance the driving force that 
is supplied by the first element. This is accomplished 
by having a disk shaped so that as the pointer 
or pen moves up the scale, a greater section of 
the disk rotates under the pole piece of the second 
induction element which increases its torque to 
balance the driving force produced by the first 
element. 


With this design variations in the supply voltage 
affect both circuits alike with the result that there 
is no Change in the position of the indicating pointer 
or pen for a change in the supply voltage. The posi- 
tion taken by the pointer or pen is therefore governed 
entirely by the ohmic impedance of the flow meter 


Fig. 114. Front View of New Type Curve Drawing Flowmeter 


circuit and the shape of the copper disk. The disk 
was designed so as to give uniformly spaced flow 
divisions on the indicating scales and flowmeter charts. 


Fig. 115. New Printing Type Demand Meter 


A new demand meter of the printing type (Fig. 115) 
prints the actual demand for each time interval 
directly on a paper tape, whereas earlier forms of 
meters recorded a summation of demand and it was 
necessary to subtract each reading from the next 


58 January, 1927 


following reading in order to get the demand for 
each interval. The new meter therefore results in a 
considerable saving in clerical subtraction of reading. 

In addition to the printed record of demand, the 
device indicates the present interval demand, and 


Fig. 116. The Largest Totalizing Recording Wattmeter 


the maximum demand since it was reset. A totalizing 
counter gives the total number of demand meter 
impulses, from which the accuracy of the demand 
meter may be checked by comparing the counter 
reading with the watthour meter reading. 


Fig. 117. High-speed Recorder, Single Element Type 
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The largest totalizing recording wattmeter (Fig. 
116) ever constructed was built for the New York 
Edison Company to add up the power delivered by 
nine generators having an aggregate capacity of 
600,000 kw. It is connected in 54 transformer 
circuits. 

A new electrical high-speed recording instrument 
(Fig. 117), for giving the maximum instantaneous 
current values reached after the device has been set 
in operation in transmission line and other circuits 
when short circuits or faults occur, can be con- 
nected into the line to be studied, and operates 
automatically when an overload is placed on the 
system. 

The record is made on standard photographic 
film and the device is arranged for daylight loading. 
With one loading four disturbances may be recorded 
on the film, the instrument automatically preparing 
itself for a new record after each operation. 

The recorder was also made in a four element form, 
for recording voltages on each phase of a three-phase 
system, together with one current value, but differs 
from the single element device in that it gives a 
complete chart of current and voltage values for a 
period of ten seconds after beginning operation rather 
than giving only the maximum value, as does the 
single element recorder. 


FUSED QUARTZ 


In the past it has been difficult to produce fused 
quartz tubing of any specific bore and wall thickness 
unless wide tolerances, or limits, in diameters were 


Fig. 118. The Flattest Thing Ever Made. Polishing an optical 
flat of clear fused quartz to within 1/100th of a light 
wavelength of true planeness 
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allowable, the amount of tolerance depending entirely 
on the skill of the artisan. These limitations have 
now been eliminated. 

Large disks of quartz, suitable for reflecting tele- 
scopes, 11 inches in diameter, 214 inches thick, were 
produced, as well as prisms of various sizes, the largest 
having faces four inches square. This is noteworthy 
in view of the fact that such masses of clear fused 
quartz have never before been available. 

Three disks of clear fused quartz about 10 inches 
in diameter and 114 inches thick were supplied to 
the Bureau of Standards of the Department of Com- 
merce for the purpose of preparing standards of 
flatness. The necessary polishing work was done by 
the Bureau of Standards (Fig. 118), and resulted in 
the production of three disks, each less than 1/100 
of a light wavelength of true planeness. Some idea 
of what this precision means can be obtained by 
assuming one of these disks to be enlarged until it 
reached from Washington to Chicago and then noting 
that no point on it would be out of plane by as much 
as one inch. 


LIGHTING 


A preliminary estimate of the sales of lamps in the 
United States (Fig. 119) during 1926 indicates sales 
of about 315 million “large” lamps, an increase of 
1214 per cent over the previous year, and about 205 
million ‘“‘miniature” lamps (Fig. 120), an increase 
of 5 per cent. This is the greatest annual increase in 
the history of the lamp industry during its almost 
half century of existence. 

The list prices of large Mazda lamps were reduced 
on February Ist, an average of 21% per cent, and 
again on September Ist, an average of 4 per cent. 
The present prices (Fig. 121) are the lowest in the 
history of the industry. 
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Fig. 119. Curve Showing Number of Large Incandescent Lamps 
Sold in the United States 1920-1926 (1926 estimated) 
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It is estimated that, throughout the remainder 
of the world, the number of large lamps used is 
about equal to the quantity used in this country, 
and that the total of miniature lamps is about one- 
quarter the number used here. Thus the present 
annual sales of all kinds of incandescent lamps 
throughout the world would aggregate about 900 
million lamps. 
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Fig. 120. Curve Showing Number of Miniature Lamps Sold 
in the United States 1920-1926 (1926 estimated) 
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In last year’s review, mention was made of a . 
proposed plan to bring about a simplification of the 
lamp business through the introduction of a new 
line of lamps. During the year, very satisfactory 
progress was made by the manufacturers of Mazda 
lamps in bringing about the adoption of the new 
line, and approximately 100,000,000 of the new lamps 
were manufactured and shipped. The demand for 
the new lamps increased very materially (Fig. 122), 
while the shipments of the old lamps dropped off 
sharply. 

This program presented tremendous problems and 
consequently the advance which was made illustrates 
in a striking manner what can be accomplished 
towards standardization in the electrical industry 
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Fig. 121. Average List Prices of Large Mazda Lampe, 1920-1926, 
Showing Reduction in 1926 
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through the hearty co-operation of all branches of the 
industry. Central stations, jobbers, dealers, con- 
sumers, and manufacturers, worked together to bring 
about this beneficial step. The economies predicted 
have already manifested themselves. 

A new 50-watt rough service lamp (Fig. 123) was 
produced because it was realized that the new stand- 
ard 50-watt lamp would not be as satisfactory under 
special conditions of rough service as the former 50- 
watt mill type lamp. The new lamp is inside frosted, 
and renders it possible to improve lighting conditions 
where lamps are subjected to severe shock, by 
replacing the antiquated carbon type of lamp. 

A study of the demand for carbon lamps revealed 
the surprising fact that apparently a considerable 
number of these lamps are still being used. 

The majority of these lamps are imported and of 
the round bulb variety. Most of them are coated 
so that the filament is not visible and consequently 
the consumer is not able to determine the type of 
lamp he is buying. Apparently many people purchase 
these carbon lamps under the misapprehension that 
they are tungsten filament lamps. 

Since the lamps consume about four times as much 
current as Mazda lamps for the same illumination, 
it is evident that the slight saving which the consumer 
makes in the price cost of the lamps is quickly dis- 
sipated by the higher operating cost. For this reason 
it is considered desirable that the industry make these 
facts known to the consuming public. 

A new lamp for street railway service was designed 
to permit the use of gas-filled lamps in street cars. 
This type has, in the past, been largely excluded 
from the field of street car lighting because of the 
limitation imposed by an inherent characteristic of 
gas-filled lamps. The limitation arises from the fact 
that when five such lamps are operated in series 
on a 600-volt circuit, the failure of one of them is 
liable to cause an arc to form, and be maintained 
across its lead wires. This arc sometimes works up 
into the base and socket damaging the latter. 

In the new lamp this difficulty is overcome by a 
special construction consisting of a connection between 
the two lead wires, such that when a lamp fails, if 
the arc 1s maintained and travels up the lead wires, 
it will eventually reach the connection and short 
circuit the lamp. If a lamp fails by the filament 
breaking when the lamp is unlighted, when the circuit 
is again thrown on the high voltage will establish a 
short circuit around the lamp. 

The lamp 1s made principally in a 30-volt, l-amp. 
size, and for operation twenty in series, on 600 volts. 
When one lamp fails and is short circuited, the 
remaining nineteen lamps continue to operate at a 
slightly increased voltage. This will not seriously 
reduce the life of the other lamps if continued only 
for a limited time until the burned-out lamp can be 
replaced. 
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A novel type of electrode lamp (Fig. 124) was 
developed which consists of a bulb filled with a 
mixture of rare gases, two magnesium electrodes 
inside the bulb, and a high resistance in the base. 

When alternating current of 100 volts or above 
is applied to the lamp, the gas is ionized, becomes 
conducting, and is thrown into luminous vibration 
around the negative electrode. The gas immediately 
surrounding the electrode glows with a soft pinkish 
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Fig. 122. Curves Showing Relation Between Shipments of Old and 
New Types of Incandescent Lamps, Indicating the Rapidity 
with which the New Type Was Accepted 


glow, or corona. On alternating current first one 
electrode and then the other is negative alternately, 
and each in turn glows. At 60 cycles the alternations 
are so rapid as to cause both electrodes to appear 
to be continuously lighted. On direct current only 
one electrode glows. When operating on direct current 
about 40 per cent higher voltage is required. 

The actual candle power of these lamps is very 
low, about 1/500 c.p., but the color of the light is 
such that it falls in that portion of the spectrum 
to which the eye is quite sensitive. The lamp, therefore, 
makes an excellent indicator, but should not be 
considered as an illuminant. 

The lamps are particularly advantageous for use 
wherever it is desired to show the location of a 
switch or a pull chain, and can be used most effectively 
instead of the little radium buttons which are coming 
into general use. As indicators on heating devices 
such as warming pads, flat irons, etc., they are real 
safety adjuncts. The larger size can be utilized as 
bedside night lights, indicators on electric stoves, 
electric refrigerators, motor-driven typewriters, adding 
machines, etc. The smaller size has a field for use in 
small indoor signs, on the primaries of toy trans- 
formers, for voltage discharge indicators, on con- 
densers, and in multiplex telegraphy. They also 
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make excellent test lamps for wiremen, as a single 
lamp can be used to show whether the circuit is 
dead or alive, a-c. or d-c. 25 or 60 cycle, 110 or 220 
volts. 

The lamps have certain peculiar characteristics, 
such as an instantaneous time constant in lighting 
up and going out, that adapt them to many scientific 
uses; on such instruments, for example, as oscillo- 
scopes and synchroscopes, in the transmission of 


Fig. 123. New 50-watt Clear Bulb Rough Service Lamp 


motion pictures by radio, as auto spark plug testers, 
etc. This new type of lamp has not yet been developed 
on a commercial basis. 

Studies to improve the legibility and effectiveness 
of electric signs resulted in the installation during 
the year, of additional electric signs involving an 
estimated investment of $20,000,000, and an annual 
expenditure for electric service of $22,000,000. 

A campaign for better industrial lighting was 
conducted throughout the country under the auspices 
of the National Electric Light Association which 
surpassed in extent and interest all similar movements 
in the electrical industry, with the single exception 
of the educational home lighting activity of the 
preceding year. Extensive improvements in the 
lighting of plants all over the country were 
reported at the conclusion of the campaign, and 
since that time improved installations continued 
to be made at a much higher rate than in previous 
years. These results were confirmed by the con- 
tinuing large demands for reflectors of the industrial 
type. 

Two important safety conferences were held in 
Washington under the auspices of the U. S. Depart- 


ment of Labor, with the co-operation of various 
state governments and many independent organiza- 
tions. ` 

The Conference on Street and Highway Safety 
recommended to the various states the adoption of 
proposed uniform laws and regulations. These in- 
cluded the American Engineering Standard regula- 
tions on motor vehicle lighting. 

The interest in home lighting, stimulated by the 
educational activity of two years ago, is still evident 
and marked advances in practice have already been 
made. The use of portable floor and table lamps 
increased. In many houses erected during the year, 
center outlets were omitted from most rooms. This 
apparently is a temporary tendency, resulting from 
the glare of the prevailing types of center fixtures. 
French designers have made some interesting types 
of center chandeliers, which combine diffusion with 
other artistic features, thus offering suggestions for 
the revival of pendent luminaires. 


Fig. 124. Gas-filled Electrode Type Lampe 


The Association of Edison Illuminating Companies, 
assisted by the Illuminating Engineering Society, is 
working out a plan to encourage improved types of 
equipment adapted to modern lamps. 

Lack of sufficient and suitably located outlets has 
been a serious impediment to improving home light- 
ing. This obstacle is being removed to a considerable 
extent by the Red Seal system of wiring of the 
Society for Electrical Development, and the G-E 
Wiring System. The latter includes also a standard 
of quality of materials. 

A new form of activity, the lighting school, pro- 
vided instruction principally for central station 
representatives, although at times contractors, dealers, 
and jobbers were included among the students. 

These schools may be put on for a single utility 
company, the members meeting at some central 
point or they may embrace a larger group, such as 
a local division of the N. E. L. A. or similar organiza- 
tion. An electrical league or club in a large com- 
munity may also be large enough for a school. 
The sessions usually last from two days to a week, 
depending on the size of the school and the scope 
of the instruction. 
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A definite schedule is adhered to in all cases and 
the schools are run for a serious purpose. They are 
conducted in the main by the different Mazda in- 
terests, individually in the case of separate central 
station properties, and jointly for the larger group 
like the N. E. L. A. local chapters. 
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Fig. 125. Bracket Type of Traffic Signal, Showing Details of 


the Reflector Optical System 


Show Window Lighting 

In the commercial lighting field show window 
illumination continued to receive a large amount of 
attention on the part of electric service companies 
as well as from manufacturers of equipment. The 
value of higher levels of show window illumination is 
being more and more appreciated by merchants, and 
the general tendency is toward improvement in all 
classes of stores. | 

New color equipment made it possible to obtain 
many interesting and effective lighting results which 
were previously impossible. This refers specifically to 
- color equipment for the higher wattage lamps, 2.e., 
the 200-, 300-, and 500-watt sizes. The more pro- 
gressive merchants now realize that each display 
must be individually lighted in order to obtain the 
maximum advertising value. 

Further progress was made in the study of the 
value of artificial illumination in eliminating or 
minimizing objectionable daylight reflections in show 
windows. Many merchants are installing equipment 
by which it is possible to reduce daylight reflections 
to such an extent that the display is equally attractive 
and effective throughout all hours of the day. 


Motor Vehicle Lighting 

With the constant increase in the speed and volume 
of night travel, the demands for motor vehicle 
headlighting continued to feel the limitations of the 
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equipment which can be carried on the vehicle, 
limitations which are accentuated by the difficulty 
of educating drivers regarding the importance of 
accurate adjustment. The American Engineering 
Standard of Headlighting Specifications, incorporated 
in the regulations of various states, appear so far to 
provide the best method known. 

Tilting the beam by means of the double filament. 
tungsten lamp which affords a safe substitute for 
the dangerous practice of dimming, went into exten- 
sive use, 30 per cent of the cars put out during the 
year being so equipped. A Steering Committee 
appointed by the Illuminating Engineering Society 
and Society of Automotive Engineers to encourage 
further research made an extensive survey, without 
so far finding any possibility for radical improvement. 
Increased accuracy of incandescent lamp construction 
has increased the feasibility of providing a fixed 
focus, and at least one lantern has been brought out 
which eliminates the necessity of focusing adjustment. 

Many motor vehicle manufacturers were interested 
in this question and were encouraged to experiment 
with. special equipments for road testing. Experience 
during the year further emphasized the previous 
conclusion that for heavily traveled roads the eventual 
solution will involve permanent highway lighting and 
lighted signals at intersections. 


Traffic Signals 

A complete new line of traffic signals and control 
apparatus was developed. The signals are of three 
types: pedestal, pendent and bracket, each of which 
can be equipped with either of two optical systems. 


Fig. 126. Curb-type Traffic-signal Control Box 


The first, known as the “Reflector System,” consists 
of a reflector placed behind each lens to give an 
individual source of light, while the second or ‘‘Con- 
denser System,” consists of a single lamp which 
shines in all four directions at the same time. A special 
lens was also produced which gives a phantomless 
signal when used with a specially designed parabolic 
reflector. 
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The condenser lens consists of two lenses placed 
together, the inner lens acting as a collecting plate 
or lens, and the outer lens as the spreading lens. 
The reflector optical system is fastened to the door 
in such a manner (Fig. 125) that when the door is 
swung open on its hinges, the optical system swings 
out with it. The signal housings are one-piece castings 
of aluminum-silicon. Either square or round lenses 
may be used with the condenser optical system, but 
only the round lens can be used with the reflector 
optical system. 

The control apparatus has many new features. 
The most outstanding of these is the change in the 
automatic timing device from the mercury tube 
connector or switch previously used to silver contacts 


which are operated by a train of gears connected to | 


an induction disk motor. This mechanism is housed 
within the curb type control box (Fig. 126), which, 
through a master switch, gives automatic, manual, 
flashing amber, and fire emergency control of a 
signal or signals when an interlocked system is used. 
A small contactor box carries the current to the signal 
when the curb type control box capacity has been 
exceeded. 


Fig. 127. 


Manual Traffic-signal Control Opened to 
Show Details of Construction 


A special intersection switch was provided so that 
an individual intersection can be controlled manually 
(Fig. 127) while the remainder of the system is being 
operated automatically. For a more flexible system, 
controls can be located at several different inter- 
sections to give automatic, manual or individual 
operation by use of a supervisory control box, 
(Fig. 128) while for isolated automatic control, a 


panel with a timer and a time switch for auto- 
matically starting and stopping the control was 
described. 

The general substitution of inside frosted bulbs 
for clear bulbs created a lamp problem in connection 
with traffic signals, as the inside frost gives too great 
diffusion for satisfactory use with the lenses and 
reflectors commonly used on traffic signals. To meet 
this situation, a special type of clear bulb, 60-watt, 
gas-filled, 115-volt lamp was produced which has a 
50 per cent longer life than the type previously used 
in this service. Being gas-filled, its candle power 
maintenance is better, and its initial lumen output is 
greater. 


Fig. 128. Supervisory Box for Automatic Traffic-signal Control 


Aviation Lighting 

The passage by Congress and the signing by the 
President of the Air Commerce Act placed with the 
Department of Commerce the responsibility for 
establishing and maintaining airways for the contract 
air mail routes. The present mileage of the contract 
routes is over 5000 in addition to 2669 miles of 
Government operated transcontinental lines. Lighting 
will be necessary on a large amount of this mileage. 

The Department’s responsibility for lighting does 
not include the lighting of terminal fields or airports 
at these points; where lighting is necessary, it must 
be provided by the municipality or the operating 
company. 

A new boundary marking light was produced for 
placing around the borders of aviation fields, con-. 
sisting of a series street lighting socket and receptacle 
enclosed by a sheet metal case and surmounted by a 
glass globe. The fixture is mounted on an iron pipe 
about three feet from the ground. When used 
as a boundary marker, a clear or inside frosted 
globe is used. For marking obstructions red globes 
are substituted. When it is desired to mark 
favorable approaches to the field. for landing, green 
globes are installed adjacent to the ends of the 
runways. 

The general arrangement of airports has become 
fairly well standardized in the United States, and a 
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corresponding advance has been made in the illumina- 
tion equipment required. This applies equally to 
airports for military, postal, and commercial planes. 
The airports are now generally equipped (Fig. 129) 
with boundary lights, obstruction lights, floodlights, 
and searchlight beacons. 
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Fig. 129. Arrangement of Lighting for Typical Airport 


Floodlights 
Floodlighting units (Fig. 130) were constructed for 
use in electric fountains where they must operate 


Fig. 130. Submergible Floodlighting Projector 
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submerged in water. Previous designs for fountain 
use could operate satisfactorily with water falling 
on them, but were not suitable for under-water 
operation. Colored lenses are used now so that the 
color remains permanent. 

New drum type units were designed for use in 
floodlighting gasoline filling 
stations, utilizing 250 or 
500 watt lamps. Stippled 
glass doors are used and the 
base is specially designed 
for mounting on the tops 
of poles. The lamps can 
be focused by means of a 
wing nut without having 
to open the casing. 
| Notable installations of 
Na floodlighting equipment 


à € during the year were those 

for the White House Hotel 

I electric fountain, in Biloxi 

DN (Miss.), the Book Building 

aio TE Tower, Detroit (Mich.) 


(Fig. 131), the Paramount 
Building, New York City, 
the Colorado State Capitol, 
Denver (Colo.), the Bunker Hill Monument, Charles- 
town (Mass.), and the Sesqui-Centennial Stadium, 
Philadelphia (Penn.). 

The Philadelphia Stadium installation (Fig. 132) 
consisted of 190 floodlights, equipped with 1500-watt 
lamps, mounted in eleven groups on towers extending 


Fig. 131. Book Tower, Detroit, Illuminated by Floodlighting 
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170 feet above the ground. An intensity of 71% foot 
candles is provided on the floor of the stadium. 


Street Lighting 

The most outstanding installation of the year 
(Fig. 133) was that for State Street, Chicago. Two 
2000-watt lamps are used 
on two-light standards 
spaced 90 ft. apart and 
opposite. This means that 
a lighting value of around 
90,000 lumens per stand- 
ard is given out, and the 
light which falls on the 
street surface is over twice 
as much per lineal foot 
as on that of the most 
intensively lighted street 
previously equipped. It 
made State Street the 
world’s brightest business 
thoroughfare. 

The lights operate on 
a 110-volt, direct-current, 
three-wire system, and are 
remote controlled from a 
central point by a number 
of magnetic contactors located along the system. 
In most instances there is a contactor for each 
pole, but in some locations one contactor controls 
two or three poles. The contactors are connected 
to a three-wire control circuit operated from the 


Fig. 133. 


Fig. 132. 


220-volt side. All three wires are positive, each 
contactor being connected to the negative side 
of the three-wire system. 

Carrier current control of street lighting circuits 
was developed and applied to a few installations. 
The apparatus is operated by sending a high fre- 
quency impulse over the wires of the regular dis- 


tribution system, the great difference between the 
carrier current frequency and the power current 
frequency obviating any interference between the 
two circuits. The high frequency is obtained by 
using a vacuum tube oscillator. The receiving appa- 
ratus consists of a relay which in turn operates a 
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State Street, Chicago, the World's Most Intensively Lighted Business Thoroughfare 


contactor in the primary circuit of the constant 
current transformer. Á time delay feature in the 
relay makes it possible either to open or close the 
relay by sending high frequency impulses of different 
lengths, and also protects the system from lightning 
and switching surge effects. 
The relay is rated at 15 
amperes, 110 or 220 volts. 

The transmitter requires 
a 60-cycle, single-phase 
power supply of approxi- 
mately 750 watts at 110 
volts during the sending 
of the carrier current im- 
pulse. The receiver appara- 
tus requires a continuous 
supply of about 25 watts 
at 110 volts, 60 cycles, 
and an additional supply of 
about 100 watts while the 
control is being operated. 

One of the best indica- 
tions of the trend of street 
lighting practice is the in- 
crease in the average size of series lamp used. At the 
beginning of 1926, the average series lamp gave out 
2200 lumens, which represented a 57 per cent increase 
over 1920. During the same period the percentage of 
series lamps in use, of below 1000 lumens, fell from 48 
to 41.5, while the percentage of lamps of 4000 lumens 
and above increased from 14.0 to 21.3. 


Sesqui-Centennial Stadium, Philadelphia, Pa., Illuminated by Floodlights 
for the Dempeey-Tunney Fight 
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Searchlights 


A newly designed form of searchlight mirror 
resulted in an increase of 18 per cent in the beam 
strength of the 60-in. high intensity searchlight. A 
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spans the Mohawk River at Schenectady, New 
York. These were secured by the combination of 
fireworks and batteries of searchlights which were 


used to accentuate them. 


Fig. 134. The Great Western Gateway Bridge Spanning the Mohawk River 


mirror of the new design 
gave 1,035,000,000 candles 
in the center of the beam 
in place of 875,000,000 
candles which is the 
highest intensity attained 
previously with the stand- 
ard mirror. 

This increase of inten- 
sity was secured by using 
parabolic curves for both 
the front and rear surfaces 
of the mirror glass, and 
relating the curves in such 
a manner as to secure a 
better concentration of the 
reflected light. Because 
both surfaces are para- 
bolic, they are readily 
formed by present manu- 
facturing methods and this 
design of mirror is there- 
fore well suited to super- 


sede those of previous construction in all sizes. 
Spectacular lighting effects were obtained at the 
opening of the Great Western Gateway Bridge, which 


at Schenectady, New York 


Fig. 135. 


Incidentally, this bridge 
(Fig. 134) is perhaps the 
most intensively illumi- 
nated structure of its kind, 
being provided with an 
ornamental type of bronze 
lamp casing, supported 
by brackets mounted on 
concrete columns on both 
sides of the bridge, sta- 
tioned 125 feet apart and 
opposite each other. The 
lights are 17 feet above the 
roadway, on which the 
light intensity is 270 lu- 
mens per linear foot. 

The lighting of Niagara 
Falls by means of a batterv 
of searchlights equipped 
with scintillators, which 
was referred to in the 
writer’s previous annual 
review, was continued dur- 
ing the winter (Fig. 135), 
and effects fully as beauti- 


Niagara Falls in Winter Illuminated by Battery of 36-in. Arc Searchlights 


ful as those obtained on the falling water resulted 
from a combination of clear and colored light 
thrown on the icy mantle of the Falls. 
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Progress in Radio Receiving During 1926 


By DR. ALFRED N. GOLDSMITH 
Chief Broadcast Engineer, Radio Corporation of America 


ADIO progress during 1926 
R has been of a more quiet 

and less spectacular vari- 
ety than during several of the 
preceding vears. There has never- 
theless been a substantial im- 
provement in radio receiving 
equipment generally available to 
the public, and there have been 
several outstanding changes in 
radio conditions which have had 
their effect upon, and been 
reflected in the types of equip- 
ment now on the market and 
the general trend of apparatus development. 

The most conspicuous alterations in radio condi- 
tions have been first, the advent of the higher power 
broadcasting station, and second, the increased con- 
gestion in the ether resulting from the more or less 
haphazard selection of modified or new wave fre- 
quencies by previously existing or recently established 
broadcasters. 

High power broadcasting, as practiced at stations 
WGY at Schenectady, KDKA, at Pittsburgh, and 
WJZ at New York, utilizing powers of several tens 
of kilowatts, has rendered a greatly improved service 
possible to the rural listeners, and has increased the 
reliability of service in general to the listening audi- 
ence, particularly during the summer months or in 
the regions where electrical disturbances had hitherto 
interfered with radio reception. The existence of high 
power broadcasting stations has naturally required 
the use of reasonably selective receivers in the vicinity 
of such stations. 

A considerable number of medium power (5-kilo- 
watt) stations have also been established recently 
in large cities, and have accordingly laid down high sig- 
nal field strengths with improved service in the homes 
of a multitude of listeners. Here again selectivity in 
the receiving set has become a definite necessity. 

The recent attitude of the Government (resulting 
from an admission that the present radio law is in- 
adequate for the control of broadcasting wave fre- 
quency assignments) has led to the appropriation 
by many broadcasters of wave frequencies hitherto 
refused to them and, in many cases, unsuitable for 


use by them. In a number of the larger cities, so many ' 


stations have crowded into the lower frequency 
(longer wavelength) portions of the assigned broad- 
casting band that only a highly selective receiver will 
successfully discriminate between such stations in 
the home of the listener. 


The invention of any device 
that makes possible some new 
and remarkable accomplishment 
can for a time rest upon its 
laurels, but not for long. In- 


creasing familiarity with its oper- 
ation soon replaces the initial 
fascination with which it was re- 
garded and leads to substantial 
progress along engineering lines. 
—EDITOR 


To a large extent, the same in- 
terference conditions exist in a 
considerable portion of the rural 
area of the United States; and 
there can be no doubt that the 
selectivity requirements of radio 
receivers are considerably more 
rigorous than has heretofore been 
the case. 

Fig. 1 shows in simple graphic 
form approximately what can 
be achieved in the way of selec- 
tivity in modern receiving sets of 
various types. It is assumed 
that the receiver in each case is tuned to a fre- 
quency of 660 kilocycles (wavelength of 455 meters). 
The signal field strength required to produce a 
standard signal of comfortable intensity in the loud- 
speaker has been plotted as the ordinate of the curves 
at this point. As the signal frequency is altered 
(leaving the receiving set tuning unchanged), the 
corresponding field strengths required to produce the 
same standard signal in the loudspeaker are succes- 
sively plotted. 

As will be seen, the single-circuit receiver requires 
but little increase in the field strength of an undesired 
signal, as much as 50 kc. removed from the original 
frequency, to cause the loudspeaker to reproduce it 
with standard signal strength. The two-circuit re- 
ceiver, on the other hand, requires a considerably 
greater field strength of an interfering signal 50 kc. 
off the desired frequency to produce an equal dis- 
turbance. 

When the selectivity curve for the three-circuit 
receiver is examined, it will be seen that signals as 
much as 50 kilocycles removed from the desired fre- 
quency will be practically excluded unless their in- 
tensity is extremely high. This is true in even greater 
measure for a super-heterodyne receiver with one 
stage of tuned radio frequency and two stages of 
intermediate frequency tuning. Under present broad- 
casting conditions, the ideal curve would be a flat- 
bottom curve with vertical sides, the width of the 
bottom being 10 kilocycles (and extending from 655 
to 665 kilocycles in the case under consideration). 
In all the preceding curves, receivers having high 
efficiency radio frequency tuning stages, electrically 
separated from each other by one-way amplifiers, 
have been assumed. 

It is clear from the preceding that the trend of 
receiver design, based on present-day selectivity re- 
quirements, has set strongly toward multi-tuning-stage 
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amplification (at radio frequencies and intermediate 
frequencies). 

Another marked change during the last year or two 
has been a greatly increased musical discrimination 
on the part of the public, and a correspondingly 
increased demand for high quality acoustic reproduc- 
tion as based on the amplifiers and loudspeakers used 
(and to a considerable extent on the selectivity curve 
in the tuning portion of the receiver itself). Amplifiers 
are now built which give a reasonably flat response 
from below 100 cycles to over 6000 cycles, thus 
covering effectively nearly the entire range of 
musically useful frequencies. The loudspeakers which 
are now available are not far behind the amplifiers 
in their capability of covering the necessary range 
of audio frequencies smoothly. 

The enjoyment by the public of good music through 
radio reception has largely changed the general atti- 
tude toward broadcasting. The long distance recep- 
tion demands have been moderated in favor of an 
insistence upon clear signals from nearby or powerful 
stations, together with a receiver and loudspeaker 
capable of accurately reproducing these signals. As 
a result of the increasingly important place which 
broadcasting has taken in the American home, it has 
become clear that the era of stabilization of the broad- 
casting art has arrived. It is significant that the types 
of receivers have not been altered except in detail 
during 1926. They have, however, had the advantage 
of being rigorously “'road-tested” in the hands of the 
public, and it has thus become possible to eliminate 
any slight mechanical or electrical weaknesses origi- 
nally inherent in basically new designs. The methods 
originated in 1925 have had a great influence on radio 
design in all quarters during 1926, and the general 
adoption of many of the valuable improvements, 


placed on the market in 1925, by the radio field 


generally in 1926 has substantially raised the level 
of the entire art. A number of these constructional 
and electrical features will be described in the 
following: 


Multi-stage Tuning Devices 

The requirement of a number of tuned radio fre- 
quency circuits to give adequate selectivity under 
many existing radio conditions can be met, though 
clumsily, by separately tunable circuits. It is 
obviously more convenient to have uni-control 
operation. This requires high accuracy in the con- 
struction of the individual circuits and careful 
co-ordination of the variable tuning elements in the 
circuits. 

Fig. 2 shows the gang condenser and uni-control 
tuning drum of Radiola 20. The condensers of the 
straight-line-frequency type, are so mounted that they 
can be simultaneously controlled and can also be 
readily adjusted as to their relative settings in the 
initial factory adjustment. 
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The corresponding condenser assembly for a super- 
heterodyne receiver, Radiola 28, is illustrated in Fig. 3. 
The two condensers to the right control the tuned 
radio frequency circuits and are adjusted through the 
corresponding drum. The condenser to the left con- ' 
trols the local oscillator frequency. The two drums are 
associated through a friction clutch, which can be 
slipped as desired, after which both drums can be 
rotated simultaneously for uni-control operation. 
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strength required to produce Standard Signal vs. Frequency 


Catacomb Construction 

In the design of modern super-heterodyne receivers 
with their numerous radio frequency, intermediate 
frequency, and audio frequency circuits, and their 
necessarily precise and permanent relationship of 
parts, it became evident that great improvement 
would result from a radical change from previous 
construction methods. In most receivers in the past, 
the individual parts had been scattered on panels 
or on the interior of cabinets and had been connected 
by intricate wiring exposed in the open. The diff- 
culties of this type of construction and its vulner- 
ability to atmospheric conditions (moisture, dust) 
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and mechanical injury, has been appreciated, but the 
method of overcoming these deficiencies was at first 
not clear. The “catacomb” type of construction, 
shown in Fig. 4, represents what is believed to be a 
great forward step in radio engineering design. 
Briefly, the new features of catacomb construction are 
as follows: Practically all fixed parts of the receiver 
(in this case the super-heterodyne Radiola 28) are 
mounted rigidly in desired relationship on the under 


Fig. 2. Gang Condenser of Radiola 20 


and permanence to the equipment not otherwise 
readily obtainable, and in addition provides an 
efficient and compact construction. Complete shield- 
ing 1s also provided by the catacomb construction in 
those circuits where it has been found necessary. 


Alternating-current Operation 

The catacomb shown in Fig. 4 is intended either 
for dry battery operation of the receiving set or for 
alternating-current operation with complete elimina- 
tion of batteries. When used with dry battery oper- 


Fig. 3. Cang Conden-er of Radiola 28 


Fig. 4. 


side of a panel which carries the Radiotron sockets. 
Radio frequency transformers, intermediate ampli- 
fiers, and audio frequency amplifiers are all clearly 
visible in the illustration in close juxtaposition. The 
equipment is first suitably wired and tested. It is 
then lowered into a metal enclosing cover filled with 
a sealing compound whereby the entire receiver 
becomes, in effect, a solid block of material enclosed 
in a sturdy metal case. A limited number of wires 
connect the devices inside the case to the outside 
elements in the receiver. The catacomb or metal case 
containing the radio parts is then spring-supported 
to avoid mechanical shock to the Radiotrons. This 
construction obviously gives a degree of simplicity 


Interior of Catacomb, Radiola 28 


ation, the filaments of the Radiotrons, Type UX-199, 
are connected in parallel. On the other hand, for 
alternating-current operation the filaments are con- 
nected in series. A resistance strip, shown in Fig. 5, 
connected across the catacomb. terminals serves as 
a means for changing from series to parallel connec- 
tion of the filaments. The receiver tube filament cur- 
rent, in this case, is supplied from the plate circuit 
of a UX-210 power amplifier Radiotron, which also 
feeds the loudspeaker as a final stage of audio fre- 
quency amplification. Grid potentials for the various 
Radiotrons are obtained by tappng appropriate 
points along the resistance strip shown in Fig. 5. 
This method of obtaining “A,” “B,” and “C” voltages 
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through series filament operation is only one solu- 
tion of the problem, but it is an effective one. 


Assembled Set Construction 

A modern receiving set, such as Radiola 30, is 
planned to operate on a coil antenna (without out- 
side connection) and on alternating-current supply 
from a lamp socket, without the use of batteries. 
The loudspeaker will be fed from the output of a 
powerful Radiotron, such as the UX-210 (7.5-watt 
tube) and yet the loudspeaker must be placed rela- 
tively near the various Radiotrons of the receiving 


Fig. 5. Resistance Strip, Radiola 28 


Fig. 6. 


Interior of Radiola 30 (rear view, back removed) 


set. The mechanical, electrical, and acoustic prob- 
lems involved have been neatly worked out in the 
form illustrated in Fig. 6, which is a rear view of 
the equipment of a Radiola 30. In the left-hand com- 
partment is the power amplifier (which also supplies 
filament, plate, and grid voltages to the 7 UX-199 
Radiotrons which are seen at the top of the catacomb 
of the receiver in the central lower compartment). 
The rotating loop is visible in the right-hand com- 
partment and its flexible connection to the catacomb 
is clearly shown. 

In the upper central compartment is the Model 
100 Loudspeaker, together with certain fixed con- 
densers. It will be noticed that the compartment is 
acoustically deadened to maintain tone quality and 
avoid excessive interaction between the loudspeaker, 
operating at full volume, and the Radiotrons in the 
neighborhood. 
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Loudspeaker Construction 

An effective type of loudspeaker construction has 
been found in the modern cone loudspeaker, apex- 
actuated, and with a flexible supporting edge. The 
10-inch cone used in the Model 100 Radiola loud- 
speaker, and the driving “motor” will be seen in 
Figs. 7 and 8 respectively. The flexible leather sus- 
pension of the cone, and a portion of the aluminum 
spider which reinforces the apex of the cone, can be 


Fig. 8. Driving Motor of Radiola 
100 Loudspeaker 


Fig. 7. 10-in. Cone of Radiola 
100 Loudspeaker 


Fig. 9. 6-in. Cone of Radiola 104 Loudspeaker, 
Showing Suspension 


seen in the former of these photographs. The driving 
“motor” is of the balanced armature tvpe with a 
suitable lever for multiplication of the motion of the 
moving armature at the connection point to the cone. 
The driving rod is provided with a rubber sheath to 
control its vibration. A more powerful loudspeaker, 
namely, Radiola loudspeaker Model 104, is illustrated 
in Figs. 9, 10, and 11. The 6-inch cone used in this 
case is also mounted on a flexible leather rim. The 
central flexible mounting element, of minimum 
flexural rigidity, is shown in the first of these illus- 
trations. In this device the cone is driven by a coil 
wound on a cylinder rigidly connected to the cone 
and concentric with the apex. The leads from this 
coil are brought out through flexible connections to 
the secondary of a step-down transformer, to the 
primary of which the audio frequency output of the 
power amplifier is fed. The driving coil is placed in a 
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narrow annular space, which is the air gap in the 
magnetic circuit of a powerful electro-magnet of the 
pot type, shown at the left in Fig. 10. 

The power amplifier and “A,” “B,” and “C” bat- 
tery eliminator used in the Model 104 loudspeaker 
are shown in Fig. 11. The audio frequency output 
transformer is visible at the front left. To the rear of 
it can be seen the potentiometer resistances for the 
various plate circuit voltages. To their right are 
located the smoothing condensers. 


household, has become a necessity. The Uni-Rectron 
intended for this purpose appears in Fig. 12. It 
utilizes a single rectifier tube and a high output 
Radiotron UX-210. The various audio frequency 
amplifiers, filament and plate transformers, and 
smoothing condensers are clearly shown. 

A battery eliminator or “socket power device,” 
namely, the Duo-Rectron, is shown in Fig. 13. This 
device supplies four voltages between 2213 and 135 
volts to the plate circuits of the Radiotrons in any 


Fig. 10. Front of Radiola 104 Magnet, Showing Air Gap Ring 
Hole, and Coil End of 6-in. Cone 


Fig. 11. 


Interior of Radiola 104 Radio Power Amplifier Unit 


The filament and plate power transformer is at the 
right rear. The five sockets of the unit contain 
two half-wave Rectrons, Type 216-B, audio frequency 
power amplifier, Radiotron UX-210, voltage regu- 
lator Radiotron Type UX-874, and ballast tube or 
current regulator, Radiotron UV-876. An automatic 
safety switch preventing operation of the device 
except when the metal cover is in place, and the 
terminal strip can be seen at the front. 

These cone loudspeakers are interesting in that 
they act practically as pistons at low frequencies, but 
break up into vibrating segments, maintaining high 
radiation efficiency of sound, at the higher frequencies. 


Alternating-current Operated Power Amplifier and Battery 
Eliminators 
With the necessity for increased volume with high 
quality, a simple form of power amplifier, completely 
operated from the alternating-current supply of the 


Fig. 13. Interior of Duo-Rectron 


receiver, and will give up to 50 milliamperes output 
with excellent regulation. A full-wave rectifier, Rec- 
tron UX-213, is employed as well as a voltage regu- 
lator tube, Type UX-S74, which maintains plate volt- 
ages at the proper values practically regardless of the 
load. The filament and plate transformer, smoothing 
inductances and condensers, and potentiometer re- 
sistance strip are clearly visible. Devices of this sort 
are highly evolved in that they give silent operation 
with excellent voltage regulation over a wide range 
of plate circuit currents. 


Detector Radiotron UX-200-A 

It has recently become possible using tubes con- 
taining the vapor of the alkaline metal caesium to 
produce stable and reliable detector tubes, free from 
the disadvantages formerly apparently inherent in 
such tubes. Radiotron UX-200A, shown complete in 
Fig. 14 and with the glass envelope removed in 
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Fig. 15, enables a considerable increase in sensi- 
tiveness of existing receivers employing storage bat- 
tery detector tubes. The plate voltages of this type of 
detector are not critical; and the normal operation of 
the tube is free from hissing or other undesired noises. 
The metal capsule from which the caesium vapor is 
expelled during the manufacturing process is visible 
on the plate shown in Fig. 15. 


Fig. 15. Interior of Radiotron 
UX-200 A 


Fig. 14. Exterior of Radiotron 
UX-200 A 


Electric Phonograph “Pick-up” 


The audio frequency amplifier system and loud- 
speaker on most of the Radiolas are sometimes 
utilized for electric phonograph reproduction by suit- 
able connection of the output of a phonograph pick- 
up device in the first audio frequency amplifier stage. 
The pick-up device, Fig. 16, is a simple and compact 
one which plugs into a corresponding jack at the end 
of the tone arm of the electric phonograph. Its interior 
(Fig. 17) will not be discussed in detail in this article, 
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which deals primarily with radio reception progress. 
It will be seen, however, that a powerful magnetic 
field is produced through a coil within which is 
placed a movable armature. The phonograph needle 


is fastened into the end of the armature and the 
vibrations of the armat:'re are translated into vo!t- 


E 


Fig. 16. Exterior of Magnetic Pickup 


PA 


Fig. 17. Interior of Magnetic Pickup 


ages which appear at the coil terminals and are 
then suitably amplified before feeding the “motor” 
of the loudspeaker. Suitable rubber damping is pro- 
vided on the armature suspension. The electric 
phonograph, as is well known, has already found an 
interesting new application in theatrical work and, 
though the exact technique employed is subject to 
modification, the general usefulness of this devicelffor 
entertainment purposes on a large scale may be 
regarded as demonstrated. 
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FROM THERE TO HERE BY RADIO 


Though a subject may be thousands of miles away, there lies in radio photography the means of quickly bringing a 
Television, or seeing an image of the object itself projected upon a screen 


picture of it to the observer. 
without appreciable time lag, is the next step being taken. (Page 78) 


Radio Photography and Television Conveyor Drive 
Maintenance of Catenary Systems D-c. Reclosing Equipment 
Railroad Lighting Short Wave Radio Propagation Contact Resistance 


Use the Kinetic Energy in the Exhaust Steam 


HE velocity of the exhaust steam leaving the 

turbine exhaust represents mechanical en- 
ergy. The steam must have this velocity to clear 
the turbine blades, and the kinetic energy is 
therefore not recoverable in the turbine. (The 
leaving losses in a turbine represent 3 to 4 per 
cent of the available energy of the steam.) It is, 
however, put to useful work in the Wheeler 
Direct Flow coridenser, in which the tubes are 
placed on straight lines converging in the direc- 
tion of steam flow from the turbine exhaust to 
the air pump offtake. 


In the [Direct Flow condenser, the steam 
penetrates to the bottom of the condenser and 
sweeps out the non-condensable gases by its 
initial velocity. The static pressure at the air 


pump suction is the same as at the condenser 
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inlet and the work of the air pump is decreased, 
as it need not overcome the frictional resistance 
of the condenser. A higher vacuum may be 
maintained with a given air pump, and the con- 
densate is the same temperature as the exhaust 
steam. 


These condensers have proven so successful 
in operation that they have been adopted as a 
standard design for Wheeler condensers of 10,000 
sq. ft. and over. The Direct Flow tube layout 
is applicable to both single and two pass con- 
densers. Further information and tests will be 
supplied upon request. The photograph shows 
one of the 35,000 sq. ft. units of this type in- 
stalled with each of the 50,000 KVA. turbines at 
the new Stanton Station of the Exeter Power Co. 


WHEELER CONDENSER & 
ENGINEERING CO. 


Main Office: 149 Broadway, New York 
Works: Carteret, N. J. and Newburgh, N. Y. 
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VISION AND TELEVISION 


Somewhere in every human being there is an 
underlying spirit of the pioneer, a love of the romance 
of progress, a reverence for the fast-moving excite- 
ment of national development. The progressive races 
of the earth today are those which have cultivated 
these qualities. Especially is this true in America. 
Here the pioneers were faced with the hazardous 
difficulties of settling a virgin country, of changing 
a wilderness into one of the most productive areas on 
earth. This pioneering job is done, perhaps, but the 
spirit of 1t has so pervaded us that we keep on, setting 
all the time new ideals and new standards of living. 

In all this, Science has played a leading part. It 
has provided solutions to the difficult problems of 
existence and has shown the way to constantly rising 
standards of comfort, health, and productiveness. It 
has done so much for us that we in turn owe it a 
great debt—a debt that can be discharged only by our 
giving free rein to this enthusiasm for achievement. 

But the very marvels which Science has achieved 
have raised in us a kind of scientific sophistication. 
There is a disposition to accept new victories with 
complacency. We are rather proud of being unamazed 
when the impossible turns to fact. We forget that the 
enthusiasm of the user of an invention 1s quite as 
essential to its success as the excellence which the 
scientist and the engineer put into its design. Like 
them we need vision. The spirit of the pioneer must 
be extended. 

Great developments come quietly nowadays, 
because experience has led the people to expect 
them. In a way it is better so, for premature public 
enthusiasm may easily hinder a new thing more than 
promote it. Yet, in the long run, the scientist and the 
engineer are working not for their own sakes but to 
impress natural forces into the service of all mankind. 
If mankind merely shrugs and keeps a neutral 
attitude, progress is delayed, and the technician must 
mark time or turn to something else. 

What Science needs, then, is a scouting service, 
like the foraging parties that went before Caesar 
into new territory and made ready for the big advance. 
The scouts of Science must choose the psychological 
moment for the heralding of each new thing and 
spread it abroad, preparing the laity to meet the 
scientist at the proper rendezvous. 

Today Science stands ready to make a new conquest 
and scouts are needed to prepare the way. The 
psychological moment has come to talk of Television, 
an advance which will mean a new kind of service. 


With it we shall be able to see beyond obstructions to 
distances no longer limited by the curvature of the 
earth. Our powers of vision will be projected across the 
country and across the sea, and we shall thus not 
only hear the important words of the world but we 
shall see enacted the very events which our children 
will read of as history. With Television we shall 
be able to roam the earth in search of knowledge 
and entertainment. It is to be another step in 
human unity. 

There are two problems today in Television— 
the technical and the human. In this issue of the 
Review, Dr. Alexanderson has stated the first and 
indicated its solution. But the task of bringing the 
world to meet the scientist half way is a matter for 
us all to consider. Each one of us who is an engineer 
or has a scientific bent has a certain responsibility in 
this as in all new achievements. We stand somewhat 
in an official capacity, and it is our job to strengthen 
the faith of the people in the success of this great new 
development. We must not remain inert and force 
the engineer to solve not only his own difficult 
problem but the more discouraging one of obtaining 
public confidence as well. Television is not an inven- 
tion merely, but a service that can be far reaching 
and important. While the scientist prepares the 
stage, we must prepare the audience. 

To do this we must ourselves see Television in its 
true and wider bearing. Dr. Alexanderson has woven 
into his article a certain amount of the imaginative, 
for he sees the broad significance of successful vision 
by electricity. He does not tell us exactly how 
Television will come, or what its first services will be. 
That nobody can foresee. Bell could not have told in 
his younger days the future of the telephone, for 
civilization, like the flowing tide, twists and turns 
around these beacons in the channel of progress and 
shapes itself by them. A start has been made, how- 
ever, and we know that only the details of the problem 
are left, and they in able hands. 

If it is objected that Television will be only a trivial 
toy, perhaps even an embarrassment and a thief of 
privacy. Remember that the hope of peace today 
throughout the world is the free exchange of ideas, and 
their reasonable modification and adjustment by those 
who through inter-communication have learned all 
points of view. For the moment it is our duty to gain 
a conception of the possible service offered by this new 
development and to prepare the minds of those who are 
soon to be served. Vision—Television. D.O.W. 
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Radio Photography and Television’ 


Radio Photography An Accomplished Fact—Consideration of Transmission by Continuous Waves 
and Interrupted Waves—Multi-shade Process—Outline of Television Problem—Higher 
Speed and More Brilliant Receiving Projectors Needed—Prospects of 
Development Based on Present Attainments 


By Dr. E. F. W. ALEXANDERSON 


Consulting Engineer, General Electric Company 
Chief Consulting Engineer, Radio Corporation of America 


George Bernard Shaw, “Back 

to Methuselah,” is described 
a scene which is supposed to take 
place in the year 2170. The head 
of the British Government holds 
conferences with his various cabi- 
net ministers several hundred 
miles away. He has at his desk a 
switchboard and in the back- 
ground of the room is a silver 
screen. When he selects the 
proper key at the switchboard, 
a life-size image of the person with whom he is 
speaking is flashed on the screen at the same time 
that he hears the voice. 

A passage of this sort by a great writer is significant. 
The new things that civilization brings into our lives 
are not created or invented by anybody in particular; 
it seems to be predestined by a combination of 
circumstances that certain things are going to happen 
at certain times. It is often the great writers and the 
great statesmen who have the first presentiment of 
what is coming next. Then the inventors and engineers 
take hold of the ideas and dress them up in practical 
form. It is now several years since Owen D. Young at 
a banquet expressed his hope that radio would soon 
give us visual means of communication. The idea 
seemed at the time absurd to many of the technical 
men present, but work was promptly started and 
we have at least succeeded in establishing a radio 
picture service across the Atlantic ocean. At present 
it takes 20 min. to transmit one of these pictures, 
whereas the imagination of Bernard Shaw forecasts 
a direct vision of moving objects. 

From motion-picture practice we know that to 
secure this animation would require the transmission 
of a series of pictures at the rate of 16 per sec. It is a 
long way from 20 min. to js of a second. It means that 
we must work 20,000 times faster than we do now. 
However, we have tackled this problem, and the 
purpose of this article is to show what prospects we 
have of realizing practical television. 


È the well-known play by 


Telephotography 

The principle by which pictures are transmitted 
electrically was worked out about 50 years ago. This 
early work though described in many books and 


*This article was delivered by the author as a paper before the A.I.E.E., 
at St. Louis, on Dec. 15, 1926. 


Both distance and intervening 
obstructions place limits on the 
effective operating range of the 
unaided ear and of the eye. Years 
ago the wire line telephone and 


later the radio telephone came to 
the aid of the ear. 
tography 1s now ready to serve 
the eye, and television is forecast 
as a practical certainty.—EDITOR 


patents fell into neglect but the 
development of radio has renewed 
interest in the subject. Also, we 
have now some new tools, such as 
the vacuum tube amplifier and 
the photoelectric cell. Radio pho- 
tography has thus become an 
established fact; whereas a prac- 
tical realization of television (or 
the art of seeing moving objects 
by radio) still involves some diffi- 
culties that have heretofore 
seemed almost insurmountable. 

However, before outlining the problems of the 
future, a brief reference will be made to the contempo- 
rary art of telephotography. When interest in this 
subject was revived, the work was taken up simultane- 
ously in America, France, England, and Germany; 
and the names of a number of engineers have become 
familiar such as Korn, Belin, Jenkins, Ranger, Ives, 
Karolus, Petersen, Baird, and others. 

The cover illustration on this issue of the REVIEW 
shows one of the many telephotographs made in 
Schenectady. The originals were recorded at the rate 
of 16 sq. in. per min. They were made during a 
preliminary study of the commercial transmission 
of pictures and facsimile messages over long dis- 
tances. The instrument used in recording these 
originals was a standard oscillograph in which some 
special adaptations had been made. The availability 
of this highly perfected device made possible rapid 
progress in the development of a practical technique 
in telephotography, so that our energies can now be 
devoted largely to the main problem which 1s the 
adaptation of the radio art to this new use and 
particularly to devise ways of dealing with our old 
enemies—static and fading—when we wish to trans- 
mit pictures over long distances. 


Radio pho- 


Static and Fading 

The radio art has up to the present developed two 
distinct methods of signalling: viz., by modulation 
and by interruption. The first is usually associated 
with broadcasting and the second with telegraphy. 
Both of these methods of signalling may be adapted to 
radio photography and each will have its distinct field. 
The effective range of a broadcasting station 1s very 
much shorter than a telegraph station of the same 
power, but within this range the broadcasting station 
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gives a service of excellent quality. The cover illus- 
tration (in monochrome) is a specimen of pictures 
made with a modulation frequency of 3000 cycles 
which can easily be transmitted by the ordinary broad- 
casting station. Figs. 1 and 2 are reproductions of pho- 
tographs actually broadcast from WGY. It is therefore 
possible that a picture service may be given by these 
stations which will be of the same standard of quality 
as the musical entertainments. Freedom from dis- 
turbances is insured by having a large number of 


Figs. 1 and 2. 


lie attractive possibilities of using this wonderful 
medium of communication to transmit pictures, 
facsimile of letters or printed pages, and moving 
picture films, and ultimately to see by radio. These 
fascinating possibilities have induced many investi- 
gators to work on this problem. 

In our research work on the development of radio 
photography and television, we have looked upon the 
adaptation of the telegraphic method of communica- 
tion to picture transmission as one of the essential 
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Reproductions of Two Photographs Each Broadcast in 2'4 Minutes from WGY, Picked Up by a 


Standard Radiola 20, and Recorded by the Oscillograph and Other Apparatus Shown in Fig. 8 


stations interlinked by a wire system. This method of 
dealing with static and fading may be characterized as 
brute force, but after all it is this mode of opera- 
tion that has developed radio into a great industry. 
This whole broadcasting machinery is thus available 
should the public become interested in radio photog- 
raphy for entertainment or otherwise. 

For long distance communication we have fortu- 
nately another method of using the radio wave which 
is much more sensitive and economical. The most 
striking illustrations of these characteristics are af- 
forded by the feats of amateurs of communicating with 
their friends on the other side of the earth by means of 
a small homemade set. So far this method of signalling 
has been limited to dots and dashes, but ahead of us 


problems and a system has been worked out for 
transmitting halftone pictures in a way that takes 
advantage of the more efficient methods used in 
radio telegraphy. The underlying principle which 
makes this possible is the use of a system of signalling 
in which the results are independent of the signal 
strength. Thus, if the signal is strong enough to be 
recorded at all, it gives the same kind of record at the 
maximum as at the minimum signal intensity. This 
makes the recording independent of fading. If, fur- 
thermore, the signals are stronger than the prevailing 
static, it is possible to eliminate the effects of static 
by introducing a threshold value of signal strength 
in the receiver so that nothing is received unless the 
signal strength exceeds this value. 
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Multi-shade Process 

Halftone effects are produced by resolving the 
picture into five or more separate shades, such as 
white, light gray, medium gray, dark gray, and black. 
The transmitting and receiving machines analyze and 
reassemble these shades automatically. Various meth- 
ods may be worked out for translating light intensi- 


Fig. 3. Half-tone Newspaper Illustration Reproduced by the Multi- 
shade Process. This process is directly adaptable to the trans- 
mission of photographs by stations equipped for radio 
telegraphic service 


ties into radio signals. One method would be to use 
five wavelengths, one for each shade. The pictures 
that are shown in Figs. 3 and 4 have, however, been 
made by a process utilizing 
a single wavelength. 

The transmitting ma- 
chine is made in such a way 
that it automatically at 
every moment selects the 
shade that comes nearest 
to one of the five shades, 
and sends out a telegraphic © 
signal which selects the 
corresponding shade in the 
receiving machine. This 
sounds perhaps more com- 
plicated than it really is 
because the telegraphic 
code by which different 
shades are selected is ob- 
tained from the synchro- 
nous operation of the two 
machines whichis necessary 
under all circumstances. 
Thus black in the picture is 
produced by the exposure 
of the sensitized paper to 
the recording light spot 
during four successive rev- 
olutions, whereas light gray is produced by a single 
exposure during one of the four revolutions and no 
exposure during the three succeeding revolutions. 
The overlapping exposure is progressive and the 
whole works as a continuous process. 


Fig. 4. 
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Television 

When we embark on such an ambitious program as 
television, it behooves us to reason out, as far as 
possible, whether the results we expect to get will 
be worth while even if our most sanguine hopes are 
fulfilled. We have before us a struggle with imper- 
fections of our technique, with problems which are 
difficult but which may be solved. In every branch of 
engineering there are, however, limitations which 
are not within our control. There is the question 
whether the medium with which we are dealing is 
capable of functioning in accordance with our expecta- 
tions and desires. We are dealing with the photo- 
electric cell, the amplifier, the antenna, and the 
radio wave. The photoelectric cell and the amplifier 
employ the medium of the electron which is extremely 
fast, but the use of the radio wave itself imposes 
certain speed limitations on account of the limited 
scale of available wavelengths. The question therefore 
remains, what quality of reproduction may we 
ultimately expect in a television system if we succeed 
in taking full advantage of the ultimate working speed 
of the radio wave? An experimental study of the prob- 
lem and the conclusions may be illustrated by the 
comparison of some pictures made at different speeds. 

The three pictures shown in Fig. 10 were made with 
the selective-shade process under conditions which 
reproduce the characteristics of one of our long-wave 
transatlantic transmitting stations having a wave- 


Photograph of an Oil Painting Reproduced Under the Same Conditions 


as Those Used in Making Fig. 3 


length of 12,000 meters, or a wave frequency of 25,000 
cycles. The picture at the left is the result obtained if 
the time of transmission is two minutes. For the 
middle picture the transmission time is four minutes, 
and for the picture at the right it is eight minutes. 
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Everything else in the three cases is identical. Rela- 
tively these pictures represent the effect of sluggish- 
ness of the tuned antenna upon the sharpness in the 
reproductions. The two-minute picture is not as 
sharp as the eight-minute picture. With this particular 
subject we may be satisfied with a two-minute 
picture, but with other subjects containing more 
details a transmission time of eight minutes would be 
justified. However, if we wish to draw conclusions 
regarding the practicability of television we may say 
that 1f we are speaking to a friend across the ocean and 
if we can see his features as clearly as we do in this 
two-minute picture, we will be satisfied and probably 
quite pleased. This picture was produced as accurately 
as was possible by laboratory equivalents with a 
wave of 25,000 cycles frequency. Now, if we let our 
imaginations loose, we will use a wavelength of 12 
meters instead of 12,000 meters and a wave frequency 
of 25,000,000 cycles instead of 25,000 cycles. If the 
photoelectric cell and the amplifier and the light 
control can keep up with this pace, the radio wave 
will do its part and transmit in 1/1000th part of two 
minutes (14 of a second) a picture having the quality 
of the two-minute picture shown in Fig. 10. We are 
thus able to predict that it will be possible to transmit 
a good picture in a space of time which is of the order 
of magnitude of the time required for motion picture 
operation, the exact figure being +; of a second. 


s 1 
A 


Fig. 9 shows a model of a television projector con- 
sisting of a source of light, a lens, and a drum carrying 
a number of mirrors. When the drum is stationary, 
a spot of light is focused on the screen. This spot of 
light is the brush that paints the picture. When the 


Fig. 6. Example of Faulty Reproduction Due to Improper Reception. 
The white lines in the picture represent electrical transients due 
to magnetic sluggishness in the iron cores in the amplifier 


drum revolves, the spot of light passes across the 
screen. Then as a new mirror which is set at a 
slightly different angle comes into line, the light spot 
passes over the screen again on a track adjacent to the 
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Fig. 5. Newspaper Half-tones Reproduced by the Modulation Process at the Left and by the Multi-shade 
Process at the Right to Furnish a Comparison of the Quality of the Two 


Television Projector 

But Bernard Shaw's specification has one more 
requirement. He wants the television picture shown 
life size on a large screen. In this lies one of the funda- 
mental difficulties. 


first and so on until the whole screen is covered. If 
we expect to paint a light picture of fair quality, the 
least that we can be satisfied with is 10,000 separate 
strokes of the brush. This may mean that the spot 
of light should pass over the screen in 100 parallel 
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Fig. 7. Laboratory Set-up of the Transmission Equipment, Showing the Picture Drum, Lamp, Lens, and Shade Wheel Below the 
Operator's Arm, and the Motor-driven 3000-cycle Light Chopper, Photoelectric Cell, and Amplifier at the Left 


Fig. 8. Laboratory Set-up of the Receiving Equipment, Showing Operator Inserting the Revolving Drum That Contains the 
Sensitized Paper or Film. To the right is the synchronizing mechanism and to the rear is the oscillograph 
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paths and that it should be capable of making 100 
separate impressions of light and darkness in each 
path. If we now repeat this process of painting the 
picture over and over again 16 times in a second, 
independent 


it means that we require 160,000 
strokes of the brush of light 
in one second. To work at 
such a speed seems at first 
inconceivable; moreover, a 
good picture requires really 
a scanning process with 
more than 100 lines. This 
brings the speed require- 
ments up to something 
like 300,000 picture units 
per second. 

Besides having the theo- 
retical possibility of em- 
ploying waves capable of a 
high speed of signalling, 
we must have a light of 
such brilliancy that it will 
illuminate the screen effec- 
tively, although it stays in 
one spot only 1/300,000 of 
a second. This was one of 
the serious difficulties be- 
cause even if we take the most brilliant arc light, no 
matter how we design the optical system, we cannot 


Fig. 10. 


Fig. 9. Television Projector Capable of Producing 16 Images Per Second, which is the Rate at which 
Motion Pictures Are Projected. When in operation the screen is covered by 168 scanning 
lines which are formed by seven beams of light that are simultaneously swept 
over it by the 24 revolving mirrors all set at slightly different angles 


figure out sufficient brilliancy to illuminate a large 
screen with a single spot of light. The model television 
projector was built in order to study this problem and 
to demonstrate the practicability of a new system 
which promises to give a solution to this difficulty. 


Briefly, the result of this study is that if we employ 
seven spots of light instead of one we will get 49 
times as much useful illumination. Offhand, it is not 
so easy to see why we gain in light by the square of 
the number of light spots used, but this can be 


Illustrations Showing the Applicability of the Multi-shade Process to Television and 

Indicating How Quality Can be Exchanged for Speed. These tests were made under equiva- 
lent conditions that lead to the conclusion that the picture at the left represents 

the quality which may be expected in television by the multi-shade process 


explained by reference to the model. The drum has 
24 mirrors and in making one revolution causes one 
light spot to pass over the 
screen 24 times; and when 
we use seven sources of 
light and seven light spots 
we have a total of 168 light 
spot passages over the 
screen during one revolu- 
tion of the drum. 

The gain in using seven 
beams of light in multiple 
is twofold. First we obtain 
a direct increase of 7:1 in 
illumination, and then se- 
cure the further advantage 
that the speed at which 
eachlight beam must travel 
on the screen is reduced at 
a rate of 7:1 because each 
light spot has only 24 tracks 
to cover instead of 168. 
While the light itself may 
travel at any conceivable 
speed there are limitations 
to the speed at which we 
can operate a mirror drum 
or any other optical device, and the drum with 24 
mirrors has already been designed for the maximum 
permissible speed. A higher speed of the light spot 
can therefore be attained only by making the mirrors 


correspondingly smaller, and mirrors + as large will 
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reflect only + as much light. The brilliancy of the 
light spot would therefore be only + of what we 
secure by the multiple-beam system, which gives 
seven light spots seven times as bright or 49 times as 
much total light. 

There is another advantage in using the multiple- 
light beam. Each light beam has to move only one- 
seventh as fast and therefore has to give only 43,000 
instead of 300,000 independent impressions per second. 
A modulation speed of 43,000 per second is high with 
our present radio practice but is yet within reason, 
being only ten times as high as we use in broadcasting. 

The significance of the use of multiple-light beams 
may be explained from another point of view. 

It is easy enough to design a television system that 
produces about 40,000 picture units per second, but 
the images so obtained are so crude that they would 
have very little practical value. Our work on radio 
photography has shown that an operating speed of 
300,000 picture units per second will be needed to 
give pleasing results in television. This speeding up of 
the process is unfortunately one of those cases when 
the difficulties increase by the square of the speed. 
At the root of this situation is the fact that we have 
to depend upon moving mechanical parts. 

If we knew of any way of sweeping a ray of light 
back and forth without the use of mechanical motion, 
the solution of the problem would be simplified. 
Perhaps some such way will be discovered, but we 
are not willing to wait for a discovery that may never 
come. A cathode ray can be deflected by purely 
electromagnetic means, and the use of the cathode ray 
oscillograph for television has been suggested. If, 
however, we confine our attention to the problem as 
first stated, of projecting a picture on a fair-size 
screen, we know of no way except by the use of mechan- 
ical motion. If we also insist upon a good image, we 
find that we must speed up the process seven times 
and in doing so we must reduce the dimensions so that 
we will have only 4'5 as much light. Our solution to 
this difficulty is not to attempt to speed up the 
mechanical process but to paint seven crude pictures 
simultaneously on the screen and interlace them 
optically so that the combination effect is that of a 
good picture. 

Tests have been made with this model television 
projector to demonstrate the method of scanning the 
screen with seven beams of light working in parallel 
simultaneously. When the mirror drum is stationary 
the seven spots of light are seen on the screen as a 
cluster. When the drum is revolved these light spots 
trace seven lines on the screen simultaneously, and 
then pass over another adjacent track of seven lines 
until the whole screen is covered. A complete tele- 
vision system requires an independent control of the 
seven light spots. For this purpose seven photo- 
electric cells are located in a cluster at the transmitting 
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machine and control a multiplex radio system having 
seven channels. A Hammond multiplex system may 
be used with seven intermediate carrier waves which 
are scrambled and sent out by a single transmitter and 
then unscrambled at the receiving station so that each 
controls one of the seven light beams. 

By using only one light beam we have transmitted 
a motion picture film at the rate of seven seconds 
for each picture. The same rate of speed with seven 
light beams would give one picture per second. Thus 
we see that in order to secure television we must 
speed up the process 16 times. However, this is not 
unreasonable of attainment because the film men- 
tioned was transmitted with a carrier frequency of 
only 3000 cycles. 
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Fig. 11. Illustration Showing the Applicability of the Multi-shade 
Process to Television. This picture is composed of 168 scanning 
lines and therefore represents the result that can be expected 
from the television projector shown in Fig. 9 


A photograph representing the quality of picture 
which is to be expected from our television system, 
and which was made in ten seconds with a modula- 
tion frequency of 3000 cycles, is shown in Fig. 11. 
From this we conclude that reproductions of the same 
quality may be made in + of a second by using seven 
beams of light and a modulation frequency of 70,000 
cycles. The ether channel required for such trans- 
mission will be about 700,000 cycles, which may be 
included between wavelengths of 20 and 21 meters. 
If such use of this wave band will enable us to see 
across the ocean, this space in the ether could be 
assigned for a good and worthy purpose. 

How long it will take to make television possible 
we do not know, but our work has already proved 
that the expectation of attainment is not unreasonable 
and that it may be accomplished with means that are 
in our possession at the present day. 


Contact Resistance 


Physical Explanation of Contact Resistance—Chemical Reactions—Tinning Bolted Joints 
Influence of Surface Shape—Study of Circuit- opening Contacts 


By B. W. JONES 


Industrial Control Engineering Department, General Electric Company 


OPPER is the metal prin- 
( cipally used by all manu- 

facturers for carrying elec- 
tric currents of any appreciable 
magnitude. This is because it has 
the lowest ohmic resistance of any 
of the cheap metals. However, it 
has one outstanding characteristic 
that has caused trouble in all 
branches of electrical manufac- 
ture. The air oxidizes the surface 
of the copper and this copper 
oxide is a very poor conductor. 
Copper is oxidized slowly at 
ordinary room temperatures and much faster at 
higher temperatures. Therefore when two pieces of 
copper are put together by bolting or by holding 
them in any mechanical manner there exists what 1s 
known as contact resistance at the joint. Contact 
resistance is primarily restrictive resistance because 
the actual contact is made at one or more small 
points and the current is forced to flow across 
these small restricted connections. This contact 
resistance gradually increases due to accumulated cop- 
per oxide on the surfaces of the two pieces of copper. 

Comparatively little is known about the magnitude, 
the rate, the ohmic value of contact resistance, the 
factors which materially affect this resistance, or the 
means of reducing its effect. A study is accordingly 
being made to endeavor to find at least a partial 
answer to these questions. 

It is strange that such a generally troublesome 
feature should have received relatively little atten- 
tion. There is hardly an electrical industry that has 
not been troubled with this and yet no determined 
effort until recently has been made to overcome it. A 
few observations made during the investigation of 
contact resistance may be of interest to the electrical 
industry and it was with this in mind, the following 
article was written. 


Theory of Contact Resistance 

When copper is exposed to the air a film of copper 
oxide (Cuo) is formed. As the temperature is raised 
the rate and depth of this oxide film is increased. 
It is not known whether there is any difference be- 
tween the resistance or the rate or the depth of this 
film when the copper is heated in a high ambient 
temperature as compared to these factors when it is 
heated to the same temperature in a lower am- 
bient temperature by passing an electric current 


Certain investigations, though 
universally needed, have been 
repeatedly put off because other 
more vital problems have taken 
precedence. The troublesome varı- 


able introduced into all circutts 
by contact resistance was of this 
class, but it 15 at last receiving 
close study in order that an elec- 
trical nuisance of long standing 
may be abated.— EDITOR 


across the bolted joint. However, 
1t has been observed that if cop- 
per contacts abnormally increase 
in resistance and consequently in 
temperature because of oxidation 
that this resistance and temper- 
ature will suddenly decrease to 
almost normal. If the test is con- 
tinued the contacts will again 
gradually increase in tempera- 
ture and will repeat the cycle of 
overheating and sudden cooling. 
But each time the restored 
ohmic value will be a little 
higher than the previous value. 

The most plausible explanation of this effect is a 
gradual formation of copper oxide until the tempera- 
ture reaches a value where the copper becomes very 
active. If two pieces of copper are held together 
tightly the air is restricted from the point of contact 


but there is plenty of copper at this point. Therefore, 


at a given temperature the Cuo suddenly changes to 
Cu20, and the latter being of a lower resistance value 
the generated heat is reduced which results in a lower 
temperature. Each cycle of this action causes a 
greater depth of oxide film which accounts for the 
gradual increase of the ohmic values of the low points. 
After the temperature diminishes the Cu:0 gradually 
converts back to CuO, and the consequent resistance 
gradually increases to some abnormal value. 

Tests have been made on a group of circuit breakers 
and contactors holding a constant temperature at 
their contacts and measuring the resultant resistance. 
The same devices were also tested by holding a given 
current constant and noting the increases in the result- 
ing temperature and contact resistance. These tests 
in many cases were continued for months and pro- 
vided some very illuminating data which explain 
some of the difficulties experienced with copper con- 
tacts subjected to extended continuous duty. 

All the devices tested operated well above their 
rated current at the prescribed temperature for days 
but in time the oxidation and the resultant increase in 
contact resistance decidedly affected the tempera- 
ture, and made very plain the importance of safe- 
guarding against the possibility of such occurrence 
either in design or by careful maintenance. 

Records were kept of the ohmic resistance values 
of all contacts in the circuit of each device tested, 
which showed that if all bolted joints were tinned 
or plated with some equivalent metal, their contact 
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resistance remained substantially constant. The total 
resistance of devices like contactors or circuit breakers 
is made up of the resistance of the material, the contact 
resistance of the several bolted joints, and the con- 
tact resistance of the parts which make and break 
the circuit. The resistance of the first two parts 
remains substantially constant over long periods of 
time but the resistance of the working contact is 
the one variable factor. The initial value of this 
resistance varies with the device but in general its 
value is frequently between five to twenty per cent 
of the total. This fact explains the very common 
overheating of contactors and circuit breakers 
when carrying their rated currents. 

It has become a very common practice to run all 
the devices at low temperatures in order to diminish 
this effect. However it is a very expensive method for 
the sake of keeping one joint in a circuit from dominat- 
ing everything else. It would seem a more logical 
procedure to overcome the bad characteristics of 
this one troublesome contact and then utilize more 
fully the ability of the remaining ninety per cent of 
the device and all of the bus system. With this objec- 
tive in mind the tests are being made. The results 
pertaining to this point are not fully determined but 
some interesting features have already been noted. 

The shape of the contact has some bearing on the 
subject. It is quite commonly believed that a large 
flat surface produces a better current-carrying joint 
than any other kind. Tests have shown that a line 
contact obtained by having a cylinder one inch long 
bearing on a plane resulted in a contact resistance 
that was from one-half to one-third of that of a 
one-inch square surface bearing on a plane. These 
comparative values were obtained with pressures 
from ten pounds to five hundred pounds and the 
surface condition of the copper was the same. Where 
the current is high, it may be advisable to use a 
plane contact so as not to concentrate too much 
current through a small area. The law: Pressure X 
Resistance = Constant, seems to hold for any shape 
of tip used, The constant 1s different for differently 
shaped tips but it approximately holds for pressures 
from ten to five hundred pounds. _ 

If the contacts are made by having two solid 
blocks held together the current will be carried across 
the contact at one or more small points and the 
resistance of this contact will be determined by the 
formula just given, provided oxidation does not 
materially affect it. But all the material in both 
contact blocks is in good thermal contact with these 
small spots through which the current is concentrated, 
which means that the entire contact block is effective 
in conducting the heat away from the hot spot and 
radiating it. If in place of this kind of tip a form which 
is divided into two or more multiple circuits is used, 
the thermal relationship is proportionately divided 
so that the hot spot cannot be so readily relieved. 
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Therefore a single instead of a multiple form of 
contact is the better. 

It is a very common practice to put vaseline on 
knife blade switches and other forms of contacts. 
Oiling or greasing does not decrease the contact 
resistance and on plane contacts especially it increases 
it. While the grease does retard oxidation, if the 
air is dirty the grease will cause an accumulation of 
dirt which will be a source of trouble. 

If we assume that copper contacts are used then 
it necessarily follows that these contacts will become 
oxidized and increase in contact resistance unless the 
oxide is removed. There are two methods by which 
this can be removed; by mechanically wiping the 
surface, or by electrically arcing it. When air circuit 
breakers of the laminated type open and close, there 
is a certain amount of sliding of the brush over the 
stationary block which tends to remove the oxide. 
If these are opened and closed frequently enough, 
several times a day, for instance, the mechanical action 
will neutralize the oxidation. With contactors there 
is less slide and more of a rolling motion, but with 
most types of contactors the current-carrying tip 
makes and breaks the circuit which tends to remove the 
oxide by the resultant arc. Therefore, if contactors are 
operated frequently the contact resistance is kept ata 
low value. There is a common belief that arcing and 
roughening of the contact surface is detrimental to 
the current-carrying ability but if we remember that 
contact resistance is a function of pressure and not of 
surface, and that arcing tends to reduce the oxide 
resistance it will be evident that arcing is not detri- 
mental to the current-carrying ability of the contacts. 

There is a great difference in the intensity of arcing 
due to the amount of current handled and the amount 
of inductance in the circuit. The cleaning effect is pro- 
portional to the arc intensity, to the pressure, and to the 
frequency of operation. If a contactor is operated infre- 
quently, the maintenance man should remove the oxide 
by giving the surface of the tips a few strokes witha 
fine file once a week. (Do not use emery paper.) In this 
way it can be kept in good current-carrying condition. 

It would, of course, be very desirable to use some 
kind of metal that would have all the good qualities 
of copper and not have the objectionable oxidation 
feature. The most satisfactory substitute that has 
so far been found is silver and remarkable results have 
been obtained with this in spite of a few objectionable 
features. The electrical conductivity of silver, which 
includes its contact conductance, 1s even better than 
that of copper and the oxide of silver 1s a good con- 
ductor instead of a poor one like copper oxide. The 
two objectionable features of silver are its cost and 
its inability to withstand arcing as well as copper. 
However, these two drawbacks can be partially over- 
come, first by providing auxiliary arcing tips, and 
second by facing a tip with silver instead of making 
the tip entirely of this metal. 
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Maintenance of the Catenary System 


on the B. A. & P. Ry. 


Types of Catenary Systems Employed—Current Collection Problem—Avoidance of Hard Spots— 
Main Line and Yard Construction—Maintenance Equipment and Routine—Maintenance Costs 


By F. W. BELLINGER 
Electrical Superintendent, Butte, Anaconda & Pacific Railway Company 


HE Butte, Anaconda & 

Pacific Railway electrifica- 

tion covers practically all 
of the tracks operated and con- 
sists of 123 miles of electrified 
trackage. The mileage is made 
up of 26 miles of single-track 
main line, 11 miles of single- 
track in branch lines, which 
serve the mines and smelter, and 
86 miles of trackage which is di- 
vided into yards, sidings, loading 
and unloading tracks. 


manufactured, 


TYPES OF CATENARY CONSTRUCTION 

Single catenary construction is employed. Span wires 
in some locationsand brackets in others support a )4-in. 
steel messenger wire from which the trolley wire 1s 
suspended by hangers located at intervals. This sys- 
tem of construction derives its name from the 
curve formed by a flexible cable suspended be- 
tween two supports, and in its simple form con- 
sists of a steel messenger cable supported on 
insulators thus forming a catenary curve. In flexible 
construction, the hangers which suspend the trolley 
wire from the messenger are gripped to the trolley 
and loosely looped over the messenger to permit a 
free movement of the trolley vertically, the object 
being to provide a straight wire so that a pantograph 
can be used at high speed with but little if any ham- 
mer-blow effect at the points of suspension. 

When span-wire construction is used a pole is located 
on each side of the track and the span wire stretched 
between them. These span wires are 3¢-in. galvanized, 
steel-stranded cables with insulators cut in on both 
sides between messenger cable and the pole. 

Bracket construction has the advantage of using only 
one pole and is therefore, cheaper to install. The mes- 
senger wire is supported from an insulator attached to 
a tee-bar arm which in turn is supported by a tension 
rod and pole castings. This form of construction 
works out very nicely for single tangent or curved 
track provided there are no heavy feeders to be trans- 
ferred back and forth, as is the case when the curve 
is not all in one direction. 

In both forms of construction trolley wire alignment 
is accomplished on curves by attaching pull-offs which 


No matter how well a piece of 
equipment may be designed and 
its performance 
in service 1s largely determined 
by the maintenance it receives. 
The men who are charged with 


this duty have developed their 
work into an art, and their ex- 
periences are not only helpful to 
each other but often show design- 
ers and manufacturers how to 
improve their products EDITOR 


are taken to a back-bone or wire 
that is stretched between two or 
more poles, passing back of the 
intermediate poles. In span con- 
struction where four or more 
tracks are spanned, on curves of 
5 deg. or more, pull-off poles are 
set mid-way between the span 
poles. This construction requires 
many extra poles but is necessary 
to hold the suspension properly 
on such curves. 

The construction at curves re- 
quires considerable study, as 
there are a number of points which must not be over- 
looked. The trolley wire is located with respect 
to the degree of curvature and curve elevation of the 
track, and must be corrected for the side swing of the 
pantograph, the magnitude of which depends upon 
the height of the trolley wire and other factors. The 
transition at the end of the curve introduces another 
correction that requires careful treatment. 

In a catenary system everything depends upon the 
messenger, which must never fail. For this reason 
high strength steel strand is used. For important 
anchorages, and where the loading is high, high 
strength or extra high strength Siemens-Martin steel 
is used. For light pull-offs and steady strains 14-in. 
steel strand 1s used. 

This system, being the pioneer 2400-volt direct- 
current catenary system installed in the United States, 
was carefully designed. However, since that time 
many important changes have taken place regarding 
catenary contact systems. 


CURRENT COLLECTION 


After adopting 2400 volts it was found that a maxi- 
mum of 800 amp. would be required to operate two 
80-ton locomotive units coupled together. While this 
was known to be well within the capacity of a single 
4/0 trolley wire, fed at frequent intervals from both 
directions, the successful collection of such a heavy 
current from a single pantograph was a more serious 
problem. 

Sliding pantographs of various kinds had been 
developed and made to operate fairly successfully for 
the collection of currents up to 200 amp. under similar 
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operating conditions, but none had given any hope- 
ful indications of being able to collect heavier currents 
and still have a reasonably satisfactory life. 

Rollers of various kinds had been tried as substi- 
tutes for the slider, and at that time one of these, 
made of steel tubing, had been found to give very 
satisfactory results. On the whole, this type seemed to 
be the most promising prospect, so it was chosen for 
the current collecting device on the locomotive. No 
doubt the choice was materially influenced by the 
fact that 1t appeared reasonably sound judgment to 
assume that the wear would be less with a roller 
collector. 


Types of Pantograph Roller 

A Shelby steel tube 5 inches in diameter, 24 inches 
long, and one-quarter inch thick was used. The 
ends were counterbored a short distance to accom- 
modate a removable aluminum bearing housing which 
was fitted with roller bearings. Bronze lateral washers 
were placed over the end of the %-in. shaft and the 
assembly securely clamped in place. The complete 
roller weighed approximately 42 lb. as against about 
five pounds for the corresponding contact elements 
usually adopted for the sliding collector. This heavy 
contact device could not be expected to respond so 
readily or so gently to hard or uneven spots in the 
trolley wire as do the lighter sliders. These difficulties 
were foreseen from the beginning and, as it was re- 
alized that the weight of the roller could not be 
materially reduced, it was decided to adopt a standard 
pantograph frame, and modify the trolley line con- 
struction with a view to removing the most serious 
objections to the roller by avoiding the hard spots 
in the line, which seemed to be its greatest enemy. 


HANGERS 

After several years operation it was evident that 
not enough attention had been given to hard spots 
in the line. In considering what might be done by 
way of further improving the design of the contact 
system it was found that a great many rigid hangers 
could be replaced by light-loop hangers and that 
practically all pull-offs and special hardware could 
be substantially reduced in weight as shown in Table I. 

In line with reducing the weight of the component 
parts of the suspension, it was deemed essential that 
the pantograph be mounted one foot higher to im- 
prove its action and decrease its thrust against the 
wire. 

Following these changes, annual inspection has 
confirmed the fact that the pounding at hangers un- 
questionably determines the life of the contact wire 
and that the pounding is reduced by making the parts 
which cause hard spots lighter. The hangers, which 
weighed less than any other attachment (from 14 
ounces to a little more than a pound) were all too 
heavy when considered from the viewpoint of 
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flexibility. In considering means for getting the long- 
est life possible from the contact wire, it may be 
further necessary to move each hanger due to this 
hammering effect. 

As a very large percentage of the trackage electri- 
fied 1s curve construction (22 deg.), it was necessary 
to give most careful attention to the design of pull- 
offs. To maintain flexibility a pull-off using two wires 
attached to the messenger and trolley wires, with a 
strut between, was used. This construction main- 
tained the pull parallel to the horizontal plane of the 


Fig. 1. 


Type US-122 Form D Roller Pantograph 
Shown in Service 


trolley wire but allowed free vertical movement inde- 
pendent of the messenger. These curves had to be 
carefully aligned in view of the narrow roller used. 
While satisfactory results have been forthcoming, 
it is worthy of note that the results are costing more 
than is the case where a wider contact device is being 
used. 


TABLE I 
ETE | WU LD. | Reduction 
Single-flexible pull-offs........ 8.50 3.75 56 
Effective wt. on wire......... 5.12 2.12 58 
Double flexible pull-offs....... 18.00 3.75 78 
Effective wt. on wire......... 18.00 2.12 84 
Rigid pull-off hangers......... 4.50 3.75 17 
Effective wt. on wire......... 4.50 2.12 52 
Loop hangers................ 1.25 .87 30 
Effective wt. on wire......... 1.25 87 30 
Sustainers.................. 13.50 6.25 59 
Effective wt. on wire......... 13.50 6.25 59 
CONSTRUCTION 


Yard Construction 

The East Anaconda yards, which are the largest 
yards on the system, contain 15 tracks, inclusive of 
that for the main line, constituting approximately 
five miles of aggregate trackage. Eight of these tracks 
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run almost the entire length of the yard, which is 
approximately one-half mile in length. These eight 
tracks are spanned by a %-in. steel strand cable 
under which is run a %-in. steadying span. Both spans 
are insulated near the poles, which are placed 110 feet 
apart. Since the wiring of the original eight tracks, 
four additional tracks have been added to the north 
which required that a third line of poles be set in 
order to provide supports for the wires. Three dead- 
end tracks were handled in a similar manner on the 
south side of the yard. 


Fig. 2. Catenary Pole Bracket with Flexible Pull-over 


Main Line Construction 

A serious mistake frequently made during the con- 
struction period is that of not allowing enough sag 
in the single-track span wires. After a few years the 
track may be re-surfaced. The side guys are then 
pulled to correct the trolley height, with a result that 
both the down guys and span are under a greater 
strain than that for which they were designed. 

Insofar as the catenary system is concerned there 
has been no very radical departure since the installa- 
tion. At switch points the additional contact and 
messenger wires were started a span ahead of the 
switch, from a convenient point for dead-ending, and 
several inches above the horizontal plane of the 
through wire, and gradually brought down to the same 
plane a short distance ahead of the switching point, 
where they were carried away over their respective 
tracks. On numerous occasions two and three dead- 
ends were made on the same pole. This was poor 


practice for the reason that no pole can withstand the 
crushing forces that result from the pull of the dead- 
ends in one direction and the guys in the opposite 
direction. All poles were generously shimmed but 
even so the tops of numerous poles were literally 
squeezed off. Another important point to consider is : 
replacement work in the event of certain units failing. 

Trolley dead-ends are made as soon as possible 
after having risen above the plane of contact. By so 
doing much copper can be saved and a great deal of 
unnecessary weight eliminated. It may be advanta- 
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Fig. 3. Flexible Pull-over to Pole, Opposite Adjustable Pull-off 
Link. Flexible pull-over with strut and backbone and 
two dead-ends on opposite sides 


geous in some installations to carry two wires parallel 
for a considerable distance in order to distribute the 
wear on the contact wires, as for instance in the 
throat of a much-used yard. 


Sectionalizing 

The main line is sectionalized by means of air- 
break anchor construction. Instead of inserting a 
wood section insulator in the trolley wire and a suitable 
insulation in the messenger cable where sectionaliza- 
tion was desired, the ends of the trolley and messenger 
wires of each section are made to overlap each other 
the length of a pole spacing, the two wires being 
carried about eight inches apart for a few feet in the 
middle of the span, from which point they are grad- 
ually carried above the path of the collector to the 
dead-ends and anchorage. This construction avoids 
the use of heavy insulators, thus preventing the hard 
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spots in the line which are destructive to the line 
and pantograph alike. With this construction full 
benefit may be gained from the elasticity provided by 
wood poles and catenary suspension which overcomes 
to a great extent the difficulty arising from contraction 
and expansion due to changes in temperature. These 


Fig. 4. 


Breaking from Tangent to Heavy Curve, Two Tracks, 
Showing Single Pull-over with Strut, Double Pull-over 
and Rigid Curve Hangers 


sections are passed at full speed without any notice- 
ably damaging effect on the contact wire or roller. 
In yards where the speed is less, wood section insula- 
tors are used, which are equipped with flexible 
runners on the sides. These runners are attached to 
brackets which hold the contact strips several inches 
from the wood side sections, and are so designed as to 
give continuous contact in order to eliminate any 
burning caused by a power arc drawn by the traction 
motors or more especially that caused by the auxiliary 
apparatus. 


Wood-strain Insulators 

Wood-strain insulators were used throughout. 
After most of them had been in service for 14 years, 
1t was found that they had withstood the test and 
could remain in service for some time to come. 
Nevertheless all these insulators that are under 
heavy load are being worked out as rapidly as it is 
convenient. Replacements are being made with a 
high-strength interlocking porcelain insulator. Three 
types of the latter are used—a small 2200-volt 
insulator, two in tandem on all pull-offs and sus- 
tainers, a 4400-volt type on all light strains, and a 
‘6600-volt insulator for all heavy loadings. These 
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insulators have a mechanical working strength of 
7500, 12,000 and 20,000 lb. respectively. 

Most wood-strain insulator failures are directly 
attributable to an accumulation of smelter dust 
which occurs in the vicinity of these plants. This 
dust does not cause trouble until it gets wet. The 
large type porcelain insulator mentioned has been 
used in the dust area for seven years without a single 
failure. | 


LINE MAINTENANCE EQUIPMENT 


The maintenance men are stationed at Anaconda 
principally because of the advantage to be had in 
living conditions. The ideal location would have 
been midway had conditions permitted. Maintenance 
work started in October, 1913, with a crew consisting 
of a foreman and two linemen. A gas car equipped 
with an extension ladder provided means for trans- 
portation and facilities for working on the trolley 
wire. It was obvious that this contraption was only 
a makeshift to be operated only until adequate equip- 
ment could be obtained. Subsequently a one-and-a- 
half ton Federal truck, equipped with a Trenton 
tower, was placed in service. The platform measured 
4 ft. by 9 ft. and was equipped with guard rails. 
Requisite working protection was obtained by insu- 
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Fig. 5. Tower-car Pneumatically-operated, Platform Raised 


lating the tower from the frame and then by insulat- 
ing the platform itself. The tower was substantially 
built of wood and well ironed, therefore it provided 
but little insulation in itself. For twelve years this 
car gave excellent service. However, this equipment 
proved to be of too small a caliber and the reverse 
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speed, which was comparable with that of an auto 
truck, was too slow. To avoid running to wyeing 
points it was necessary to carry a turntable. 


Present Equipment 

In order to expedite maintenance work it was 
necessary to provide a tower car that would meet 
the following requirements and specifications; ability 
to cover the system with a safe speed of about forty 
miles per hour; and to operate at the same speed in 
either direction. It should have an independent 
power unit, preferably have two four-wheel trucks, 
and a suitable cab mounted on a three-point 


platform. Three separate valves are used—a supply 
valve, an exhaust valve, and one to operate the 
air brake which holds the platform in the position 
desired. Twenty-five to thirty pounds pressure in the 
eleven-inch cylinder will raise the platform, the 
amount used depending upon the load. The cylinder 
is insulated from the frame and cab, the air connec- 
tions being made through rubber hose. Additional 
insulation is provided by insulating the platform from 
the supporting structure and in the wood underframe 
and floor. All wood parts of the tower and platform, 
except floor, are of ash. Guard rails are provided on 
all four sides. 


Fig. 6. Tower-car Ready for Road, weight 29,000 Ib. 


suspension. The platform should lower to the roof 
so as to avoid unnecessary top heaviness while run- 
ning and should be proportioned so as to furnish 
ample working space. The platform on such cars is 
usually mounted so as to overhang, permitting a man 
to step onto a pole when it is swung to the side. 
The car that was selected is designed specifically for 
railroad service. It is mounted on an Edwards rail- 
way motor-car chassis of 14 tons capacity and 16-ft. 
centers, with two trucks each having four 24-in. 
diameter cast-iron wheels, and is capable of negotiat- 
ing 20-deg. curves. A four-cylinder engine rated 75 
h.p. at 1600 r.p.m., furnishes motor power in either 
direction through a four-speed transmission and chain 
drive to both axles of the rear truck. Air brakes, 
lights, whistle, bell, sanders, and the requisite safety 
appliances are included. 

The tower on the car is 
pressed air. 


operated iy com- 
The control valves are mounted on the 


The front truck of the car is equipped with a cradle 
of simple design which functions in such a manner as to 
maintain a rigid central position when passing over 
straight track, while on curves it provides a yielding 
adjustment that greatly assists in minimizing the 
effect of objectionable lateral thrust. The rear truck 
consists of side and cross members constituting a 
rigid unit from which, as in front, the frame is sup- 
ported by means of automobile type springs. The 
chain adjustment and rear truck alignment is main- 
tained by radius rods. 

Two air compressors are required with a combined 
displacement of 18 cu. ft. The 6-ft. compressor is 
sufficient to maintain an adequate pressure for 
braking and general use. The 12-ft. compressor is cut 
in when the tower is being operated, and at other 
times when additional air is required. The car is 
equipped with a No. 4 Little Giant reversible air motor 
for boring poles in connection with stubbing, etc. 
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Three sheave blocks ranging from fours to sixes 
reeved with the best Manila rope are furnished as 
standard equipment. New or practically new rope 
is used in all the blocks. When this rope becomes 
worn it is used for pulling guys. This practice has 
been justified by the reduced risk of cordage failures 
and possible injuries to the members of the crew. 

Snap-on ratchet wrenches are furnished, two 
sockets being provided to save time. In place of using 
the standard receiver plug, which accommodates 
one socket, a new receiver plug is used which is long 
enough to take two sockets of the same size, which 
are placed in the proper position on opposite sides 
of the ratchet handle. All equipment is inspected each 
week and replaced when not in first-class working 
condition. 


MAINTENANCE ROUTINE 


The routine followed by the line crew, which nor- 
mally consists of three men, requires that the major 
portion of the work be done in the summer months. 
When the frost comes out of the ground, about May, 
a number of anchors must be reset each year. Cre- 
osoted pine slugs are used which vary in size in pro- 
portion to the loading. These are buried in the ground 
not less than five feet deep using the proper size iron 
rod which may be galvanized or copper clad. In those 
places where copper water is present and would 
attack a galvanized rod, the copper-clad rod has 
given excellent service. The eye is formed by taking 
a turn-and-a-half twist and the copper water is ex- 
cluded at the bottom by means of a special cap nut. 
All guys are pulled where it is necessary to correct 
trolley height and to some extent the alignment. 
Slack is usually pulled from points where sleeves 
have been inserted. It is obvious that pulling slack 
requires considerable experience when one considers 
that a variation of 150 deg. may occur between sum- 
mer and winter. A great many failures occurred dur- 
ing the first year due to defective brazing and to the 
splicing sleeves not holding. The sleeve was redesigned 
with the result that future splicing troubles were 
eliminated. A saw-tooth wedge was used and is 
equally dependable on new or worn trolley wire. 

Anchor slugs have failed more than any other unit 
in the contact system, the percentage of failures 
being dependent upon the material used. Where 
creosoted slugs were used the results have been 
highly satisfactory and therefore all slugs are now 
creosoted. 


Testing and Stubbing 

Before stubbing, a crew of two men are sent out to 
determine the condition of each pole. This is done 
by removing 12 to 18 in. of dirt on one side of the pole 
and then boring a 34-in. hole at an angle of 45 deg. 
to the center of the pole. The condition of the pole 
is determined by the borings and the hole then filled 
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with “‘cres-oil’’ and a plug driven in to exclude the 
water. Poles were marked for immediate or future 
stubbing. 

In connection with stubbing poles it was apparent 
that too many span structures had been used in the 
original installation, especially on curves, where a 
single pole and bracket would have answered the 
purpose much better. The bracket construction is 
easily kept in line and has the advantage of main- 
taining the trolley wire at the desired height with 
practically no maintenance expense. 


Fig. 7. 
Side (where there is proper clearance). 
used only when pole is set in sloping grade. 

are cut from scrap plate from the boiler shop 


10-ft., 2-bolt Creosoted Stub in Place, Located on Track 
This installation is 
Washers 


MAINTENANCE COST 
In view of the fact that more than the usual amount 
of curve, cross-overs, switch-backs, sags and humps 
are wired, the maintenance expense for the overhead 
contact system is not high. An analysis of the cost for 
the year 1925 is given in Table II. While the figures 


TABLE II 
COST OF OVERHEAD MAINTENANCE FOR 
THE YEAR 1925 


Cost per mile Pet Year... cicekwiea taeda $179.32 


Number of miles operated.............. 123.00 
Average cost per mile, past 5 years....... 144.85 
POMS BAN DXCUTE sy ook Ce eae cade s ba 39.50 
A yee ths Dis op OERS A AS sts ooh 5.10 | Per cent 
OOO rik ie ete A e A aes 32.20 | of total 
A A Arise RRNA A O eee ow ne 23.20 


These figures are unusually high due to stubbing 200 poles. 


for the past few years have been higher than was 
anticipated they can be justified by the fact that 
many replacements and adjustments have been made 
almost daily to accommodate the ever-shifting ` 
scenery of a thrifty mining region. 
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The Application of Electric Drive to Conveyors 


Types of Conveyors and Work Done—Factors Determining Power Requirements— Starting Duty Heavy 
but Oversize Motors Reduce Power Factor—Selection of Type of Motor to Suit Conveyor 
Characteristics—A-c. Motors and Control—D-c. Motors and Control 


By R. F. EMERSON 
Industrial Engineering Department, General Electric Company 


HE place occupied by the 
To in modern indus- 

trial practice makes the 
selection of its proper driving 
medium a matter of great im- 
portance, not only from the 
standpoint of physical perform- 
ance, but from that of engineer- 
ing efficiency. The electric motor 
has so thoroughly established its 
fitness for this sort of service that 
the question of its suitability, in 
comparison with that of other 
forms of drive, need hardly be 
raised; there does remain, however, the matter of 
choosing, from the many types of electric motors 
available, the ones most suited for particular cases. 
There are so many factors governing this choice, and 
1ts ultimate influence on the performance of the con- 
veyor 1s so great, that 1t is worthy of detailed consider- 
ation. 

In its simplest forms, choosing a motor for the drive 
of any particular conveyor merely implies matching 
the known characteristics of the different motors to 
those of the conveyor, and determining which motor 
most nearly meets the requirements. Actually, the 
matter is more complicated; there are several types 
of conveyors whose load characteristics vary, both 
according to their construction and operation, and to 
the sort of work they do, and while the various types 
of motors have many points in common, there are 
differences that render the individual types especially 
adaptable for certain classes of work. It is only by 
taking advantage of these differences that the most 
appropriate motor can be selected. This statement is 
equally true of both direct- and alternating-current 
motors; the choice between the two varieties being 
practically fixed by the form of power actually avail- 
able, and not, therefore, lending itself to much 
discussion. 

Since some detailed knowledge of the construction 
and operation of the various types of conveyors is 
necessary before a proper appreciation of the factors 
to be considered in applying motors is possible, a 
brief description is given of the more important and 
generally used types, together with their load char- 
acteristics, and the sort of work to which they are 
most adaptable. 


The problem of the proper 
motor drive for conveyors, though 
apparently simple, 1s capable of 
several different solutions all of 
which have great influence for 


better or for worse on the overall 
efficiency of the installation as a 
whole. The author has analyzed 
the different phases of the prob- 
lem, and suggested the most ap- 
propriate solutions.—EDITOR 


Types of Conveyors 

Generally speaking, nearly all 
the conveyors used at the present 
time can be divided into five defi- 
nite types, namely, belt, bucket, 
apron, scraper and screw, of which 
the scraper variety may be sub- 
divided into two further types, 
the flight and the drag. There are 
also modifications of those gen- 
eral types which, since they pos- 
sess special requirements, will be 
discussed separately. 

The belt conveyor is the sim- 
plest, and, although it is subject to definite limita- 
tions, it is the most generally used of all the types 
mentioned. In its simplest form, it consists of a belt, 
supported by idlers, and running over two pulleys, 
one of which is driven by the motor. The lower 
idlers are always flat-faced, but the upper may or 
may not be troughed. The principal uses to which 
the belt conveyor may be put are the handling of 
grain, sand, ores, chemicals, rock, coal, packages, 
bags, boxes, paper, mail bags, and other materials 
of widely different characteristics. Their limitations 
are (except in the case of steel belts) that hot or wet 
materials cannot be handled, nor can material which 
takes the form of large and exceedingly heavy pieces. 
Furthermore, the elevating angle is limited to a 
maximum of approximately 20 deg. 

As to the operating characteristics of the belt con- 
veyor, its exceeding simplicity makes its wear and 
upkeep small, and it requires less power than any 
other type. In addition it requires but little head room, 
is quiet in operation, and light in weight. The maxi- 
mum speed for belts carrying loose material is approxi- 
mately 250 ft. per min. for a 10-in. belt, to which may 
be added 10 ft. per min. for each additional inch of belt 
width. A good average speed for troughed conveyors is 
between 250 and 400 ft. per min., depending on the belt 
width. Non-abrasive granular material such as grain 
may be carried at speeds between 400 and 600 
ft. per min., while the best speed for flat-belt con- 
veyors carrying packages and miscellaneous articles 1s 
about 100 ft. per min. A typical troughed belt con- 
veyor for carrying granular material is shown in Fig. 1. 

Bucket conveyors consist essentially of a series of 
metal buckets, or pans, fastened to two chains that 
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run on large rollers. The buckets may or may 
not be pivoted; if the latter type is used, the 
material may be carried horizontally, vertically, or 
at any angle without spilling. The principal uses of 
bucket conveyors comprise the handling of coal, 
ashes, pebble phosphate, chips, clinkers, small size 


Fig. 1. 


ores, or other similar materials at angles of elevation 
which are unsuitable for belt conveying. The prin- 
cipal disadvantages of the pivoted type especially, 
are that it cannot be fed on a vertical run; it must 
have a horizontal run at the discharge; and its speed 
is limited to around 40 to 60 ft. per min. on account 
of the shock of tilting the buckets when unloading. 

These conveyors have low power consumption and 
the maintenance cost is also comparatively slight. 
A typical example is shown in Fig. 2. 

The apron conveyor consists of a series of flat 
wooden slabs, or steel plates, which carry material 
either on a horizontal plane, or on an incline. In the 
cases where steel plates are used, they are usually 
provided with a double bead so that they will overlap 
to make a tight apron, and, when used to carry loose 
bulk material, are provided with sides to make a 
continuous moving trough. Conveyors of this type, 
Fig. 3, are usually used for carrying or feeding coal, 
sand, rock, or ore. Without sides, they may be used to 
carry billets, plates, castings, machines, machine 
parts, and miscellaneous articles of every description, 
particularly those that are too heavy for belt con- 
veyors. When operated at low speed they are used 
for continuous moulding and pouring, continuous 
assembling, in connection with various industrial 
heating process ovens or lehrs for drying or annealing, 
tempering, etc. They are also used as sorting tables, 
or for inspection tables. 


GENERAL ELECTRIC REVIEW 


Vol. 30, No. 2 


Wooden apron conveyors are principally used for 
carrying boxes, bags, packages, castings and similar 
materials. The speeds of both types are largely de- 
pendent upon the particular class of service they are 
performing, but generally range between 10 and 60 
ft. per min. for all cases. These conveyors cannot be 


Motor-driven Belt Conveyor Used for Transferring Coal from Ship to Trimmers 


used on inclines greater than 25 deg. from the hori- 
zontal unless they are equipped with auxiliary flights, 
in which case the angle may be as great ak 45 deg. 
The power requirements are low, and the upkeep 
charges are nominal. 


Fig. 2. Bucket-type Conveyor, Showing Method of Loading 


Scraper conveyors, Fig. 4, are made 1n two varieties, 
the flight and the drag, although both types convey 
the material by scraping it along in a trough. The 
former variety consists of a series of plates, called 
flights, supported between two parallel chains, while 
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the latter consists of a single strand of conveyor chain 
running in a trough, and carrying the material on top 
of itself. Scraper conveyors are extensively used for 
conveying coal in power houses, coal pockets, or 
storage plants, for conveying or retarding coal in 
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Scraper Conveyors Used for Carrying Bundles of Steel Rods. 


or up inclines as steep as 30 to 45 deg. from the hori- 
zontal. The speeds may range anywhere from 10 to 80 
ft. per min., according to the material handled, although 
the average speed is in the neighborhood of the latter 
figure. Both types require relatively more power than 


Motor-driven Apron Conveyor Handling Crushed Coal in a Power House 


There are six conveyors in the 


group, each individually motor driven. Three of the motors are shown in the foreground 


tipples, washers, and breakers, for carrying garbage 
and tankage in reduction plants, hot clinker in cement 
mills, or for carrying chips and sawdust in lumber 
mills or wood-working plants. There are also many 
similar uses too numerous to mention. The conveyors 
are suitable for carrying material either on the level, 


the types previously described because of the friction 
losses arising from their method of carrying material. 
They have however certain very definite advantages, 
in that they may be loaded at as many points as 
are necessary, and can be discharged at any point 
desired. 
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The screw conveyor consists of a helical steel ribbon 
encircling a central shaft, and encased in a cylindrical 
or semi-cylindrical casing. The rotation of the shaft 
causes the ribbon to push the material along the cylin- 
der, or casing. Although the field of this type of con- 
veyor is naturally somewhat limited, it is, for the 
conveying of small size materials over short, hori- 
zontal distances, often more satisfactory than any 
other type. The speeds, depending on the materials 
handled, vary between 80 and 200 ft. per min. Its 
power consumption is high, and the wear is very rapid, 
especially when abrasive materials are handled, 
which makes the cost of upkeep comparatively great. 
A typical example is shown in Fig. 5. 


Power Requirements 

The power requirements of conveyors, as may be 
gathered from the preceding description of the differ- 
ent types, are dependent to a considerable degree 
upon the particular type of conveyor in question. 
They are also influenced by the sort of work which 
the conveyor is called upon to do, or the conditions 
surrounding that work. For instance, a bucket con- 
veyor working outdoors in all sorts of weather will 


present quite a different problem as regards the > 


amount of power necessary to drive it satisfactorily 
from that presented by the same conveyor working 
indoors, but handling the same sort of material, where 
conditions are much more equable. Even different 
materials may affect the power requirements of two 
otherwise similar conveyors to a marked degree. 

There are, however, certain characteristics that they 
all have in common, namely, they form a greater 
friction load, in proportion to the dead load, than any 
other type of machine, they have a large number of 
bearing surfaces that are all potential causes of power 
loss, and their static friction, or starting inertia, varies 
from high to exceedingly high. All of these factors are 
variable, increasing or decreasing to a large extent 
according to the conditions surrounding the individual 
case, but, under the best circumstances the result is 
that it is exceedingly difficult to strike a balance 
between the power needs of the conveyor and proper 
motor practice. 

As a matter of fact, the outcome of the situation 
has been a general tendency to overpower most con- 
veyor drives, on the theory that too much is better 
than enough. This practice, in view of the fact that 
the majority of the motors used are of the squirrel- 
cage induction type, leads to evils that may easily out- 
weigh any benefits gained from having a supply of 
reserve power available for emergencies. It is quite 
possible in the case of a factory or plant where the 
larger part of the motor load consists of induction 
motors driving conveyors to reduce the line power 
factor by “overpowering” to a point where the feeder 
cables and generators supplying the power will be 
seriously overheated. Furthermore, oversized motors 
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exert a correspondingly greater torque at starting, 
and if they are connected to the conveyor by a belt 
or chain, sudden starting may cause a whip severe 
enough to throw the belt off, break the chain, or at 
least deliver a severe hammer blow to the motor 
bearings. 

The responsibility for determining the correct 
horsepower for any particular conveyor is usually 
that of the conveyor manufacturer. Most conveyor 
builders issue voluminous data, either in their cata- 
logs or in other forms, from which the approximate 


Fig. 5. Motor-driven Screw Conveyor Used for Handling 
Bulk Material 


horsepower can be figured, and the usual allowances 
made, in order to select the motor size in any given 
case. The question still remains, however, as to 
which particular type of motor is most suitable for 
the work in hand. 


Choice of Motors 

As stated before, the choice as between alternating- 
and direct-current motors is usually arbitrarily fixed 
by local conditions. There are, however, several 
different types in each category, and it is from these 
that the real selection must be made. 


A-c. Motors 

The problem presented by most conveyor drives 
is that of a machine running continuously under load, 
with infrequent starting and stopping, but having 
very difficult starting characteristics. Were it not for 
the latter feature a squirrel-cage induction motor, of 
a horsepower rating figured closely to the running 
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needs of the conveyor, would be the best form of drive, 
as regards both efficiency, power factor and simplicit y 
of control. Actually, however, as can be seen from 
Curves A and D, in Fig. 6, the margin between the 
starting torque of the motor, and the torque required 
to overcome the static friction of the conveyor is so 
close that even a slight reduction in the available 
motor torque, such as that caused by a small drop 
in the line voltage, or the use of a compensator starter 
with the motor, would be enough to prevent the 
starting of the conveyor. The inadequacy of the 
motor torque at starting is shown even more clearly 
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Fig. 6. Speed-torque Curves of the Different Types 
of Induction Motors 


Curve A—Speed-torque curve of squirrel-cage motor. 
Curve B—Speed-torque curve of high-resistance squirrel-cage motor. 
Curve C—Speed-torque curve of double-winding squirrel-cage motor. 
Curve D—Speed-torque curve of conveyor. 
Curves 1-8 inclusive—Speed-torque curves of slip-ring induction motor 
with various amounts of secondary resistance. 
X—Running torque required by conveyor. 
Y—Starting torque required by conveyor. 
Z-V-W—Starting torques of motors A, C, and B respectively. 


by a comparison of the lines Z and Y, the former 
representing the starting torque of the motor, and the 
latter the torque necessary to start the conveyor. 

There are several alternatives possible whereby 
this difficulty may be overcome. One is to use a slip- 
ring motor, with resistance in the secondary, and drum 
control. In this case it is possible to obtain grad- 
uated steps in torque up to the maximum torque of 
the motor, and to, limit the current inrush at starting. 
The Curves 1 to 8 in Fig. 6 show the torque charac- 
teristics of a slip-ring motor on the various points 
of the controller, and also show that while the load 
will not start on the first two points, it will be accel- 
erated to within 40 per cent of full speed on the third 
point, and will be brought gradually up to speed on 
the remaining points. The objection to this form of 
drive is that the improvement in torque or starting 
characteristics is obtained at the expense of power 
factor and efficiency, and also by increasing the com- 
plexity, not only of the control, but of the motor 
itself, which implies greater upkeep expense. The 
first cost of the installation is also greater. 


Another method is to use a high-resistance rotor 
motor, of a horsepower sufficient to meet the running 
torque required by the conveyor. As can be seen from 
Curve B, Fig. 6, and from a comparison of the vectors 
Y and W, such a motor has all the starting torque 
necessary for any conditions. In addition, the ad- 
vantages of the simplicity of motor and control that 
are characteristic of squirrel-cage motors are regained. 
This solution also possesses decided disadvantages, in 
that the sacrifice in power factor and efficiency is 
even greater than in the case of the slip-ring motor. 
The high starting torque of this particular motor is 
entirely due to its high-resistance rotor winding, and, 
since there is no way provided for short circuiting 
this winding, it must remain in the circuit all the 
time that the motor is running. In other words, the 
losses in the rotor caused by the res:stance of the wind- 
ing must be sustained during the whole period of 
operation. In the case of conveyors which are only 
operated intermittently, however, this type of motor 
can be used to considerable advantage. 

Two possible methods of overcoming the difficulty 
still remain: one, to use an oversized squirrel-cage 
motor, and the other, to use a comparatively new type 
of squirrel-cage motor which possesses modifications 
from the ordinary type designed to give it a high 
starting torque, and rapid acceleration with reason- 
ably good power factor and efficiency under ordinary 
running conditions. In addition to these features, the 
motor can be thrown directly on the line without 
causing any objectionable disturbance. These charac- 
teristics have been obtained by equipping the rotor 
with two sets of squirrel-cage bars, located one above 
the other in the same slots. The upper winding has 
high resistance and low reactance, while the lower has 
high reactance and low resistance. When the motor 
is first started the current flows mainly through the 
upper winding, but, as synchronous speed is ap- 
proached, the current divides, a large proportion flow- 
ing through the lower winding. 

The speed-torque curve of this type of motor 
(Curve C, Fig. 6), and the vectors V and Y, show that 
it has-atl the torque necessary to start the conveyor 
under the most adverse conditions. Its efficiency is 
better than that of the high-resistance squirrel-cage 
motor, and of the slip-ring motor, although not quite as 
good as that of the ordinary squirrel-cage motor. 
Its power factor is about as good as that of the slip- 
ring motor, depending on the ratings under con- 
sideration. In addition to these advantages, it 
possesses all the simplicity, both of ¢onstruction, and 
of control, of the conventional squirrel-cage motor. 

The last two methods as can be imagined offer the 
best solution to the problem, and, when it comes to 
the point of choosing between them, the evidence 
points to the double-winding motor as being the more 
advantageous of the two. The evils attending the 
use of oversize squirrel-cage motors have already 
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been explained, as have the reasons which practically 
preclude the use of the standard squirrel-cage motor. 
A clear conception of the comparative suitability of 
the three motors can be obtained from their respec- 
tive speed-torque curves as given in Fig. 7, where A 
is the curve of the ordinary squirrel-cage motor, B 
that of the double-winding motor, and C that of an 
oversize squirrel-cage motor. 
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Fig. 7. Speed-torque Curves of Squirrel-cage Induction Motors 
Curve A —Standard squirrel-cage motor. 
Curve a Double-winding squirrel-cage motor. 


Curve C —Oversize squirrel-cage motor 
Conveyor—Speed-torque curve of conveyor. 
X—Running torque required by conveyor. 
Y —Starting torque required by conveyor. 
Z-V -W'—Starting torques of motors A, C, and B respectively. 


There are certain special conditions of conveyor 
drive that are not considered in the foregoing, one of 
them being the case of multi-speed conveyors and the 
other that of retarding conveyors. Since both of these 
cases form individual problems, they will be consid- 
ered separately. 

The drive of conveyors subject to multi-speed 
operation may be accomplished by any one of three 
methods: first, by using a double-speed, squirrel-cage 
induction motor; second, by using two separate single- 
speed squirrel-cage motors, each connected to the 
conveyor by a separate belt, or set of gears, and con- 
trolled through a double-throw switch that will make 
it impossible to connect both of them to the line at 
once; and third, by using a slip-ring motor with drum 
control, and a resistor in the secondary that 1s suitable 
for continuous running at partial loads. 

In considering the comparative merits of these 
three forms of drive, reference should be made to the 
curves in Fig. 8. From these it will be noted that the 
speed obtained with the slip-ring motor at half load is 
not as stable as that obtained cither with the double- 
speed squirrel-cage motor, or with the smaller of the 
two single-speed motors. The point 4 on the dotted 
Curve 6 represents the running point of the con- 
veyor at half speed of the slip-ring motor, and 1t will 
be seen that a 10 per cent decrease in torque will 
cause a 3 per cent increase in the conveyor speed, 
while a 10 per cent increase in torque will cause a 
drop of 10 per cent in the conveyor speed. The same 
point A has been plotted on Curve 1, and in this case 


GENERAL ELECTRIC REVIEW 


Vol. 30, No. 2 


it will be noted that changes in torque over a very 
wide range have little if any effect on the speed of the 
conveyor. In other words, the speed regulation at 
half speed is very much poorer with the slip-ring 
motor than with either of the squirrel-cage motor 
methods. Therefore, if good speed regulation at low 
speed is important, the latter two methods are to be 
preferred, of which that of the double-speed motor 1s 
probably the best because of its greater simplicity. 

In the majority of cases, however, a slip-ring motor 
should be perfectly satisfactory, because conveyors 
require a fairly constant torque, and furthermore, 
their speeds are so slow that the changes in speed due 
to the sloping speed-torque characteristic of the slip- 
ring motor will be neither noticeable nor objection- 
able. 

The retarding conveyor presents quite a different 
problem, for here the only driving power which the 
motor must furnish is that sufficient to overcome the 
friction of the conveyor. As a matter of fact, the 
effect of gravity on the mass of descending material 
is enough to overcome the friction, so that what is 
really needed is some form of braking to prevent the 
conveyor from running at too great a speed. 

In the case of the squirrel-cage motor, if there is not 
enough descending material to overcome the effect 
of friction, the motor must always exert a driving 
torque, and its speed will be less than 100 per cent 
synchronous, whereas if the amount of material is 
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Fig. 8. Speed-torque Curves of Squirrel-cage and Slip-ring 
Induction Motors Under Multi-speed Conditions 

Curve J—Speed-torque curve of small squirrel-cage motor; also of 
low-speed winding of double-speed motor. 

Curve 2—Speed-torque curve of large squirrel-cage motor; also of 
high-speed winding of double-speed motor; also of slip- 
ring motor. 

Curve 8—Speed-torque curve of conveyor. 


Curves 4-10 inclusive —Curves for successive control points of the 
slip-ring motor with varying resistance. 


just enough to balance the friction losses, the motor 
will operate at 100 per cent synchronous speed. If 
the amount of material is such that the friction of the 
conveyor is overcome, the motor speed will rise above 
synchronous speed. These conditions are shown 
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graphically in Fig. 9, where the point at 100 per cent 
motor load shows 96 per cent synchronous speed, 
while at such load as requires 50 per cent braking 
torque the speed is 103 per cent of synchronism. 
The conveyor can be stopped only by either removing 
the load, and shutting down the motor, allowing it 
to coast to a standstill, or by applying some sort of 
friction brake, such as a solenoid brake, to the motor 
shaft which will stop the loaded conveyor when the 
motor is shut down. 

The slip-ring type of motor is not as suitable for 
this sort of service as the squirrel-cage motor, because, 
as can be seen from the characteristic curves in Fig. 
10 taken at different resistance points in the control 
circuit, if resistance is added to the rotor circuit to 
hold the motor back, it tends to speed up. 

For instance, if the conveyor is carrying enough 
material to require 50 per cent braking torque from 
the motor, and the controller is moved to point No. 4 
the speed increases to 130 per cent, and if it is moved 
to point No. 1, the speed increases to 185 per cent. 
Thus a slip-ring motor cannot be used to obtain low 
speeds when the load is sufficient to drive it as a gen- 
erator. Therefore a brake must be provided to stop 
the conveyor, as is done with a squirrel-cage motor. 


Control for A-c. Motors 

The selection of the proper type of control for the 
motors used in driving conveyors is an important 
factor in obtaining satisfactory performance. In most 
cases the control may be of a very simple nature, the 
main thing to be guarded against being possible 
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Fig. 9. Speed-torque Curve of Squirrel-cage Motor Under 
Retarding Conveyor Service Conditions 


damage to the conveyor, or to the connecting mech- 
anism by allowing the motor to exert too much torque 
at starting. This is particularly true in the case of 
conveyors driven through chains or belts, and it is 
preferable in most cases to use a form of starter which 
will permit taking up the back lash in the connecting 
mechanism before the motor is actually thrown on the 
line. In the case of high-torque squirrel-cage motors, 
this precaution is especially important, and there are 


several types of simple, automatic control systems 
that provide very effective means of accomplishing 
the desired result. The control of slip-ring motors is 
primarily designed to avoid this very situation by 
bringing up the motor speed gradually. This is true 
both of control systems employing drum controllers 
with resistance in the secondary of the motor, or of 
full automatic control, where a time-limit feature 
incorporated in the control accomplishes the same 
result as the drum control and resistor. 
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Fig. 10. Speed-torque Curves of Slip-ring Induction Motor 
Under Retarding Conveyor Service Conditions 


D.c. Motors 

Where direct-current motors are to be used for 
driving conveyors, there are three types to choose 
from, namely, series, shunt, and compound-wound, 
all of which have very distinct characteristics. 
Theoretically the series motor should be ideal for con- 
veyor drive, because the latter forms a continuous 
friction load, and the motor is very often permanently 
connected to it. Of course, where the motor is con- 
nected to the load by a belt, or chain, there is always 
a chance of the connections breaking and allowing 
the motor to run away. 

The serious objection to the use of the series motor, 
however, is the difficulty in determining the amount of 
the friction load of the conveyor with the necessary 
accuracy. In order to predetermine the speed of the 
conveyor, the proper speed of the motor must be 
selected from the motor characteristic curve, and, 
since the speed of the motor varies widely with even 
small changes in torque, this is difficult if not impos- 
sible to do under ordinary circumstances. Further- 
more, even if the necessary torque is accurately deter- 
mined, conditions of operation may cause the torque 
to change so that the operating speed may be widely 
at variance with that desired. For these reasons, 
series-wound motors are practically never used for 
conveyor drive. 

The shunt-wound motor, on the other hand, is a 
practically constant-speed machine, since changes in 
torque have very little effect on the speed. Referring 
to the curve in Fig. 11, it will be seen that point A 
represents the normal operating condition of a con- 
veyor, or 100 per cent load. If the torque required to 
operate the conveyor is increased by 13 per cent in 


100 February, 1927 


the case of a series-wound motor the speed of the 
motor decreases 13 per cent, but there is practically 
no change in the speed of a shunt-wound motor, even 
when the torque is doubled. 

The typical curve of the compound-wound motor 
does not show as great a change in speed for changes 
in torque as that of the series motor, although the 
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Fig. 11. Speed-torque Curves of Different Types of 


Direct-current Motors 


SE—-Series motor. 
SH—Shunt-wound motor. 
CW——Compound-wound motor. 
A—Point of normal conveyor operation (100 
per cent speed torque). 


changes are greater than those of the shunt motor. 
Either compound- or shunt-wound motors can be used 
for conveyor drive. The former are usually chosen, 
since they have the greater torque per ampere for 
starting purposes. 
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Fig. 12. Speed-torque Curves of Shunt-wound Motor Under 
Retarding Conveyor Operation, with Varying Amounts 
of Resistance in the Armature Circuit 


When multi-speed conveyors are to be driven by 
direct-current motors under ordinary conditions, an 
adjustable-speed shunt motor rated on a continuous 
basis should be applied. 

The choice of direct-current motors for driving 
retarding conveyors is limited, by the load character- 
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istics of the conveyor, to one type, the shunt-wound 
motor. Series motors are impossible because they 
will run away if overhauled by the load, and although 
they can be given a retarding torque by the use of a 
dynamic braking circuit, the results obtained are not 
worth the trouble. The same statements hold true, 
although to a somewhat lesser extent, with compound- 
wound motors. 

The characteristics of the shunt motor, however, 
closely parallel those of the slip-ring induction motor 
with resistance in the secondary as can be seen from 
the speed-torque curves in Fig. 12, which are those of 


Shunt Field 


Fig. 13. Connection Used to Give Low Speeds 
on Shunt-wound Motor 


a shunt motor with varying amounts of resistance in 
the armature circuit. The difference is that the shunt 
motor can be used to give low speeds when driven 
as a generator by an overhauling load, by the use of 
a very simple dynamic braking circuit. Under such 
conditions, the motor will take more current from the 
line instead of returning it to the line as it dces when 
running as a generator above its rated motor speed. 

Fig. 13 shows the electrical connections used to 
obtain low speed, and Fig. 14 the speed-torque curves 
obtained with this connection. The resistance R, 
across the motor armature provides a path for the 
flow of the dynamic braking current, and, by varying 
both this resistance and the resistance R, by means 
of the controller the speed-torque Curves 1 to 4 (Fig. 
14) may be obtained. These show that even with a 
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Fig. 14. Speed-torque Curves Obtained with Connections 
Shown in Fig. 13 


100 per cent overhauling load, speeds of 23, 51, 70, 
and 92 per cent can be obtained on Curves 1 to 4 
respectively. Curve 5 is the curve of the motor with 
both of the resistances cut out of the circuit. 

Special precaution is necessary to prevent a shunt 
motor from overspeeding in case power fails on its 
supply line. Under this condition, the motor acts as 
a shunt generator, and continues to supply power 
both to its own shunt field and to the coils of the 
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shunt solenoid brake, keeping the latter released. 
Since the motor is thus provided with a circuit for 
the power it is trying to generate, it will over-speed 
even to the extent of destruction unless some means 
1s provided for breaking this circuit. The best reme- 
dies are either a centrifugal speed limit device mounted 
in the motor shaft, or an overvoltage relay whose coil 
is connected across the motor armature. The contacts 
of whichever device is used must be in series with the 
shunt brake coil circuit, so that it will be broken if 
either the speed or'the voltage becomes excessive. 
The opening of this circuit allows the brake to set 
and stop the motor. | 


Control for D-c. Motors 

The control for direct-current motors is a very 
simple affair, whether they be series, compound or 
shunt wound. One type, which is particularly suitable 
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in the case of gear drives, consists of an automatic 
starter with series contactors operating on a time- 
limit principle which allows for taking up the back 
lash of the gears before the motor's full starting 
torque is applied. In the case of belt or chain drive 
a form of starter should be used that allows only a 
low initial starting torque, and applies full torque 
gradually. 

In conclusion, there has been no attempt to describe 
particular installations, or examples of motor appli- 
cation, chiefly because, although undoubtedly inter- 
esting in themselves, the usual installation merely 
represents one way of meeting some highly special 
requirements. Since practically every conveyor drive 
presents an individual problem that must be solved 
on its own merits, the physical or electrical descrip- 
tions of actual installations would hardly prove of any 
great assistance to those engaged in finding a solution. 


An Improved Drain Valve for Tubular Tank Transformers 


Until recently it has been common practice to 
shorten those tubes that approach the drain valve 
on tubular tank transformers. This has been neces- 
sary to avoid the undesirable operation of first dis- 
mantling and afterward assembling the valve when 
screwing it into place. 

The principal objection to making these tubes 
shorter than the others is the increase in cost caused 
by the departure from standaid spacing of the holes 
where the tubes enter the tank, considerably more 
work being involved in the laying out of the sheet 
metal. Another objection is the sacrifice of an appre- 
ciable amount of cooling surface. 

The new type of valve can be screwed into place 
without any interference from tubes of standard 
length. It was developed from the Y-tube blow-off 
valve that 1s used in steam piping to obtain a straight 
through passage. As shown in the accompanying 
illustration, the stem and handwheel are set at an 
angle to the body, thus bringing the wheel into a very 
convenient position for the operator. 

This valve also possesses the good features of the 
valves formerly used in such installations. It has a 
bakelite disk that insures oil tightness and a sampling 
device with a connection for an alemite hose. 


Drain Valve as Installed in Transformer Tank 
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Lenses and Reflectors for Railroad Service 


Optics of Fresnel Lenses—Three Types—Rated According to Merits—Optics of Special Railroad Yard 
Floodlight—High Collecting and Projecting Efficiency Obtained 


By FRANK BENFORD 
Physicist, Illuminating Engineering Laboratory, General Electric Company 


of two optical devices, one of 

which is relatively ancient, as 
age in optical matters goes, and 
the other of recent origin. Each 
plays a part, and plays it well, 
and on each is a burden of 
responsibility that can be carried 
only because of the forethought 
and experience that has gone into 
1ts making. 

Of all the types of lenses in the 
world there is perhaps only one 
that is sufficiently distinct in 
nature, and sufficiently wide- 
spread in service to be universally known by name, 
and that is the Fresnel lens. Perhaps ten people 
would recognize a Fresnel lens by name where one 
would know a Galilean telescope or a Huygens eye- 
piece, but if these ten were to attempt to explain the 
precise nature of their knowledge several of them might 
speedily discover that they knew but little more 
than a name. This is not because the Fresnel lens is 
profoundly complicated but because it is profoundly 
simple, so simple in fact that most text books on 
optics do not deign to mention it. From an optical 
point of view it has many interesting characteristics, 
which will be discussed later, and from the service 
point of view it has a multitude of virtues. 

The second device, the newcomer, is a more com- 
plicated organism, and in itself illustrates the present 
status of the art of projecting light. The good old 
simple days, when a paraboloid was sufficient for all 
tasks, have departed to return no more, and the 
modern designer must, if he desires to be in good 
standing with his conferees and competitors, delve 
into the subject and deal in more complicated forms. 
Some of these designs work well on paper; others, 
such as will be described later, actually work well in 
a railroad yard, and this fact alone should give them 
good standing among the hardy ones of the earth 
who “thrive on difficulties and grow strong in the 
midst of adversity.” 


N railroad service, use is made 
Railroad 


Fresnel Lens 

Augustus Jean Fresnel, at the mention of whose 
full name physicists make a bow of reverence, laid 
the mathematical foundations of the undulatory 
theory of light, and also designed a lens whose 
essence is simplicity, thus proving himself of sufficient 


signal 
almost always laid out according 
to an optical rule originated by 
Fresnel but are of a modified con- 
struction to prevent dust lodging 
on the surface. 


illumination, which 1s a compara- 
tively recent application of light 
in ratlroad service, is now well 
advanced due to the development 
of a floodlight of exceptional 
efficiency.—EDITOR 


stature to have his head in a 
cloud (if a foundation can be used 
as a metaphorical cloud) and his 
feet on the earth of solid accom- 
plishment. It 1s one of the rules 
of thumb of the optical art that 
the collecting power of a lens is 
governed by its central thickness. 
If great collecting power is de- 
sired then the lens must be thick, 
but thick optical glass is expensive 
and thick, colored, signal lenses 
absorb too much light. In Fig. 1 
the dotted curve represents a 
plano-convex lens laid out to 
collect light from a point S and project it in a sub- 
stantially parallel beam. The angle of collection, c, is 
wide and the central part of this simple lens is 
excessively thick. The problem to which Fresnel 
addressed himself was the reduction of the central 
thickness NP to a more practicable value. 

In Fig. 1 the continuous surface ABP is replaced 
by the broken surface ABC—VW, which is one of the 
many forms taken by the Fresnel lens. 

The curvature of the section KM of the simple 
lens is paralleled in a peculiar manner by the Fresnel 
step GH. The surface at G must be parallel to the 
surface at K if both are to turn the same ray parallel 
to the axis. Also, the surface at H must be parallel 
to the surface at M. The surface GH is not, however, 
a duplicate of KM, drawn to a reduced scale. If a 
point U on the simple surface is located exactly 
midway between K and M, then UTS traced back 
through T will not exactly bisect the Fresnel surface 
GH, and the parallelism of the two surfaces is there- 
fore optical and not geometrical. 

In passing from one Fresnel step to the next, two 
things are of importance: The “riser” should not 
interfere with the passage of light, and its slant must 
be such that the lens can be made in a solid mold. It 
is, of course, not commercially possible to grind and 
polish such a broken form of surface, and casting solid 
in the finished form is necessary. 

When the lens is to be used in a locality where there 
is snoke and dust it is evident that a lens with outside 
steps would rapidly collect dirt and grime, and it 
would be difficult to clean. Also snow and sleet would 
find ready lodgment on the steps and risers and this 
form of lens therefore is not particularly well adapted 
to railroad service. 


lenses are 


Railroad yard 


LENSES AND REFLECTORS FOR RAILROAD SERVICE 


In Fig. 2 the Fresnel lens is reversed with respect 
to the light source. The dotted line shows the form of 
the continuous convex surface that is replaced by the 
Fresnel steps. In this sketch and the one following 
the risers are parallel to the axis and the same funda- 
mental dimensions are used. These are: 


Active diameter................o.o.oo..o. 3.75 in 
Source to inside plane of rim............ 2.00 in 
Maximum thicknessS.................... 0.50 in 
Minimum thickness.................... 0.25 in 
Refractive index. seria 1.52 


With the steps on the inside where they are pro- 
tected from dirt the lens gains in reliability but it 
loses in the initial quantity of transmitted light. As 
seen in the sketch a certain amount of light from the 
source S is incident upon the risers and this light is 


Fig. 1. A Lens in Which the Dotted Convex Surface is Replaced by 
the Optically-equivalent Fresnel Steps. In this design no 
light is lost on the risers 


wasted by being refracted outward toward the rim 
of the lens. For this particular design the loss is 36 
per cent. A second disadvantage is the fact that all 
the refracting is done at the first face. It is a rule of 
optical design that the most satisfactory results are 
obtained when the refraction is divided equally 
between the two faces. This latter condition reduces 
dispersion to a minimum, which is of course not so 
important when a colored lens is used as it passes 
practically only one color, but, and this is of impor- 
tance, the effect of surface errors in the lens is a 
minimum when both surfaces take an equal part 
in turning the light into a direction parallel to the 
axis. 

A modified form of the ‘‘inside’’ Fresnel is shown 
in Fig. 3. Here the outer surface is convex and the 
number of Fresnel surfaces has been reduced from 
five to four. Also, the loss on the risers has been 
reduced from 36 per cent to 30 per cent. This loss 
on the risers is quite important as shown by a recent 
photometric test on a lens similar to Fig. 3, but 
carried out to a wider angle, or about the equivalent 
of one more step on Fig. 3. The riser light, as ray 
ABC in the sketch, amounted to more than the light 


103 


in the true beam. This loss cannot be wholly elimi- 
nated in an inside Fresnel even if the risers are slanted 
inward. The ray SDEF marks the most advantageous 
slant along the section DE, but even here there will 
be some light incident upon the riser. 

This form, finally, divides the refraction about 
equally between the faces, gives a maximum amount 
of room for the lamp bulb, and gives the most uniform 


Fig. 2. In This Flat Form of Fresnel Lens All the Useful Refracting 
Action Takes Place on: the Steps and Light Incident Upon 
the Risers is Lost 


Fig. 3. 


This Concavo-convex Form of Lens with Internal Steps is 
More Economical of Light Than the Form Shown in Fig. 2 and 
the Projected Beam is More Uniform in Intensity 


distribution of light throughout the width of the 
beam. 

In this outline of the optical action of the Fresnel 
lens it has been assumed that all the light came from 
a point, but this is an impossible physical condition, 
and the source S must have a measurable size. 
Actually, it subtends an angle of from two to ten 
degrees from the center of the lens, and the beam 
from this central section will have a width of from 
two to ten degrees. To gain the highest uniformity 
of beam intensity it is desirable to have all sections 
of the lens give the same spread to the light. This is 
attained with an approximately spherical light 
source when the optical centroids, X, of the individual 
sections, located by dots in small circles in the 
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sketches, are at a common distance from S, and it is 
evident that Fig. 3 excels in this respect. 

The characteristics of the three types are sum- 
marized in the following tabulation, the lenses being 
ranked with respect to their ability to meet the fore- 
going conditions: 


Plano- Convexo- Concavo- 
concave plane convex 
Fig. 1 Fig. 2 Fig. 8 
Transmission of incident 
WON alate de Gadi nce cteia sak Ist 3rd 2nd 
Dispersion into colors... lst 3rd 2nd 
Surface accuracy....... Ist 3rd 2nd 
Lamp bulb clearance.... 2nd 3rd Ist 
Cleanliness. ........... 3rd 2nd lst 
SimplicitY 01... 3rd 2nd Ist 
Uniformity of beam in- | 
CONSICY on sonara daa 2nd ` 3rd lst 
Probable useful rank.. 2nd 3rd lst- 


A Floodlight for Railroad Yards 

Railroading is a twenty-four hour business. It is 
. something of a mystery how cars can be uncoupled, 
shifted, weighed, and made up again into a train at 
night with the aid of a hand lantern, but such has 
been the custom for many years. It is only within 
a short period that the general illumination of rail- 
road yards has been considered a necessary or indeed 
a desirable thing. Once the usefulness of yard flood- 
lighting was established there came a veritable flood 
of demands for this type of illuminating service. A 
number of types of floodlights might be used, but 
only one will be discussed here, and this one is selected 
because it was particularly designed for this service 
and has been successfully used in a large number of 
installations. 

Conditions in a railroad yard are usually such that 
a moderately wide beam is desired. The required 
intensity of light in any given direction is not difficult 
to attain but the designer of the floodlight must lay 
great stress upon the quantity of light projected. 
This distinction between intensity of the beam and 
the quantity of contained light is better realized 
when it is remembered that a railroad yard is ordi- 
narily a huge area that can under no circumstances be 
lighted from a single point. The distribution of light 
over the yard is therefore taken care of by making 
a proper distribution of the units, and the effective 
output, in lumens, becomes the criterion by which the 
floodlight is judged. 

There are two limitations placed upon the design 
of nearly every floodlight. One is the greatest allow- 
able diameter LT in Fig. 4, and the other is the 
diameter d of the lamp bulb. In the diagram a parabola 
PQ of sufficient focal length OP to accommodate the 
lamp bulb collects less than half of the light from the 
lamp when the edge of the reflector is limited by the 
assigned diameter. If a deep reflector MAL is designed 
to collect more light a great section of the center must 
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be left out to make room for the lamp bulb. This 
paraboloid collects less light than the first one, but 
the two combined with a spherical surface form a 
highly efficient light collector. 

The parabola MAL is cut off at U so that the plane 
of the opening cuts through the source at O. A line 
through U and parallel to the axis is drawn, and the 
line TO is extended to intersect the first line at S. 
With O as a center a sphere is passed through S and 
continued up to the plane OU through the source. 
Finally the parabola PS is drawn through S. This 


L 


Fig. 4. A Composite Form of Reflector, Composed of Sections of Para- 
boloids and a Sphere, Much Used in Railroad Yard Lighting 


construction gives a two-piece reflector, one piece 
formed by a combination of a paraboloid and a 
sphere, and the other formed by a truncated par- 
aboloid. 

Three rays are traced in the diagram to illustrate 
the optical action. A ray OF to the rear paraboloid is 
reflected directly into the beam as the ray FG. A 
ray OC to the sphere is reflected back through the 
focal point to the point D on the truncated paraboloid 
and then along DE into the beam. Finally a ray OA 
to the truncated paraboloid is directly reflected along 
AB. The collecting efficiency of the surface of Fig. 4 
is in excess of 0.80, which is about a record figure for 
a floodlighting projector. 

In practice it is advisable to scatter the focal points 
of the two parabolas and sphere along the optical 
axis. This adds to the uniformity of intensity of the 
beam without taking anything from its exceptionally 
great volume of useful light. 
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Automatic Reclosing Feeder Equipment with 
Mechanically Latched-in Breaker 


Designed for 600-volt D-c. Railway Service—Load Indicating— Description of Devices— 


Operation of Equipment 
By A. E. ANDERSON 


Automatic Station Division, Switchboard Department, General Electric Company 


ment have been commonly 

used for 600-volt d-c. service. 
Three of these make use of 
magnetically-held circuit inter- 
rupters, while the fourth uses a 
mechanically-latched circuit 
breaker. The latter equipments 
are readily available in four 
capacities, 1200, 1600, 2000 and 
3000 amperes. An 800-ampere 
unit 1s also available, but it 
requires a few slight modifica- 
tions of the standard equipment. 


e general, four types of equip- 


In a recent issue of the GENERAL 
ELECTRIC REVIEW, the writer 
briefly discussed various types of 
reclosing feeder equipments that 
have been commonly applied to d-c. 
railway circuits of voltages from 
600 to 3000 inclusive. Space did 


not permit going into detail con- 
cerning any one type. Inasmuch 
as the 600-volt applications cover 
a large percentage of railway elec- 
trification tt is felt that further dis- 
cussion of at least one of the types 


(i) The equipments are usually 
mounted on 16-inch panels. 
In a majority of cases these 
units may readily replace a 
correspondingly rated man- 
ually-operated panel with- 
out any change in the length 
of the switchboard. 

(3) The equipment is built, tested 
and shipped as a unit. The 
only additional mounting 
required is that for the 
load-indicating resistor, and 
bus. 


The equipments in which the 
mechanical latch is used have a 
number of features which permit 
their use 1n either manual or automatic substations. 

A few of the outstanding features of the design 
and operation of these units are enumerated in the 
following tabulation, and a more detailed discussion 
of them may be found further in this article. These 
features are: 

(a) Feeder does not open on voltage dips. 

(b) Equipment will operate on either stub or 

multiple feed. 

(c) Equipment will reclose from either the bus or 
feeder side depending on which is alive. This 
permits feeding through the substation bus 
when the machines are shut down. 

(d) As ordinarily employed the breaker trips on 
overcurrent, but it can be made to trip on 
rate of current change by the addition of a 
current transformer. 

(e) Overcurrent and current transformer trip 
adjustments are independent of each other. 
Either one or both may be readily used. 

(f) Equipment can be used in feeder circuit to- 
gether with high-speed breaker in the machine 
negative circuit and proper tripping sequence 
can be obtained. This does not require any 
change in the feeder equipment. 

(g) The circuit breaker used in this equipment is 
a relatively fast panel-mounted circuit inter- 
rupter. 

(h) The equipment has a maximum operating 
range of 300-660 volts. (The shunt trip coil 
has a range of 90-660 volts.) 


would be warranted.—EDITOR 


(k) The circuit breaker used with 
this equipment has provis- 
ions for manual closing and 

tripping, as well as for remote (shunt) tripping. 

(1) By using a balanced type reclosing relay, the 

reclosing calibrations are not greatly affected 
by variations in operating voltage. 

(m) The breaker remains open a definite time after 

it has tripped regardless of load conditions. 
This time is adjustable. 

(n) Provisions are made in the design for opera- 

tion with automatic supervisory equipment. 

Whenever any of the above features relate to a 
particular device, they are considered in further 
detail in the following individual descriptions of the 
devices. The devices are taken arbitrarily in the order 
of their function numbers, which are based on a 
system that has been standardized by the Electric 
Power Club and widely adopted. These function 
numbers not only appear on the wiring diagrams and 
instructions but are also placed on the nameplates 
near the particular device on both the front and back 
of the panel. 

Fig. 1 illustrates the general appearance of a 
1600-amp. reclosing feeder, and Fig. 2 is the elemen- 
tary circuit diagram of this equipment. 

The operation of the equipment is briefly as follows, 
referring toFig.2,andassuming that No.172 has opened 
due to a short circuit. The restraining coil of No. 182 
then receives full operating voltage and holds the con- 
tacts of No. 182 open. Relay No. 102-A or No. 102-B 
closes its contacts after a time delay and connects the 
actuating coil across the operating source. Relay 
No. 182 is calibrated so as to keep its contacts open 
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when both coils are energized at the same voltage 
in the above sequence. During this time the 
load-indicating resistor is in circuit and is sup- 
plying load-indicating or measuring current to the 
load. As the resistance of the load increases, the 
drop across the load-indicating resistor decreases. 
At the same time the drop across the restraining 
coil decreases by the same amount. The voltage 
across the restraining coil is decreased until it is 
overpowered by the actuating coil, which then closes 
the contacts of No. 182. This action energizes the 
coil of the auxiliary relay No. 172-X, which in turn 


Fig. 1. 600-volt, 1600-amp., D-c. Reclosing Feeder, Employing Mechani- 
cally Latched-in Circuit Breaker for Use on Either Stub or Multiple- 
feed and Reclosing from Either Bus or Feeder 


energizes the closing coil of the circuit breaker No. 
172. The breaker then closes, opening its “b” auxiliary 
switch which opens the coil circuits of relays No. 
102-A and No. 102-B and also the actuating coil 
of No. 182. This action opens the contacts of No. 
102-A or No. 102-B and No. 182. At practically the 
same time with the closing of the main contacts of 
the breaker, an “a” auxiliary switch is closed which 
completes a paralleling circuit around the contacts 
of No. 102-B. Both sides of the breaker are now at 
the same potential and the action of the ‘‘a’’ switch 
permits the closing coil of No. 172 to be energized 
at the available operating voltage during the time 
delay of No. 172-X, and yet allow relays No. 102-A 
and No. 102-B to open their contacts. 

The relay (No. 182) is usually set to close at a 10:9 
ratio of voltage on the actuating and restraining 
coils respectively. This setting together with the 


GENERAL ELECTRIC REVIEW 


Vol. 30, No. 2 


ohmic value of the load-indicating resistor ordinarily 
used gives a maximum reclosing value on stub feed 
of approximately 350 amperes. This reclosing value 
may be increased by increasing the kilowatt rating 
of the load-indicating resistor. The above valve, 
however, has been found to be satisfactory in a 
majority of cases as determined by actual operating 
experience. On multiple feed, when another station 
is feeding the load, the relay will close its contacts 
when the above voltage ratio, or a greater one, has 
been obtained. The amount of current obtained upon 
closing the breaker on multiple feed depends on the 
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amount of copper in the direct-current system as 
well as the size and location of the load. While this 
resulting current cannot be readily determined, 
operating experience has shown the relay setting to 
be satisfactory where the system has sufficient cross- 
section in the positive and return circuits. 

Under some conditions of multiple feed both relays 
No. 102-A and No. 102-B may tend to close their 
contacts simultaneously. When such a condition 
exists the voltage values are such that the circuit 
breaker will close as soon as the first relay closes its 
contacts. If both relays No. 102-A and No. 102-B 
did close their contacts at the same time, then the 
resistor connected in their contact circuits (mentioned 
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under the heading ‘Devices No. 102-A and No. 102-B””) 
would limit the relay contact current to a safe value. 

Devices No. 102-A and No. 102-B are illustrated in 
Fig. 3, and are of the plunger type with adjustable 
time delay and quick-return contact action. These 
relays not only insure that the breaker is always 
open a definite length of time after each tripping 
operation, but also supply the control power for 
operating the various devices from whichever side of 
the line is alive. As will be seen by reference to the 
elementary circuit diagram, Fig. 2, the coil of No. 
102-A is connected from one side of the circuit breaker, 


Fig. 3. Time Delay Closing Relay. Two of these relays are used, 
one as device No. 102-A, and the other as No. 102-B 


No. 172, to negative, while the coil of No. 102-B is 
connected from the other side of the circuit breaker 
to negative. Both of these circuits (to negative) are 
completed through an auxiliary switch, which is 
closed when the circuit breaker, No. 172, is open. 

The time delay furnished by these relays allows the 
load conditions to become stabilized and the reclosing 
devices to sequence properly. While the time adjust- 
ment may be varied from practically 0 to 30 seconds, 
the recommended setting for the relays depends on 
the type of load. On railway circuits, where the back 
e.m.f.’s disappear shortly after the breaker has 
opened, the relay could probably be set at a minimum 
of 5 seconds. In the majority of cases satisfactory 
operation has been obtained with settings of 15 
seconds and higher. 

A resistor of relatively small ohmic value is con- 
nected in series with the 2-3 contacts of No. 102-A 
and No. 102-B, for the purpose of limiting the current 
carried by the contacts of the relays to a safe value 
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under certain infrequent conditions. As an example, 
it is probable that both No. 102-A and No. 102-B 
may have their 2-3 contacts closed simultaneously, 
and yet there would be an appreciable difference of 
voltage across the breaker. As a result of this condi- 
tion, 1f there were no resistor in the circuit, the relay 
contacts would tend to carry practically the same 
amount of current as the circuit breaker when the 
latter device closed. Such currents would be disastrous 
to the relay contacts. The resistor, however, limits this 
contact current to a safe value, and, due to the small 
amount of current taken by the various control 
devices, the resultant drop in voltage across it does 
not seriously affect the voltage operating range of the 
equipment. 

As ordinarily connected, No. 102-A supplies the 
control current from the bus, which during a greater 
portion of the time is higher than the feeder. Con- 
sequently, the above resistor is connected on the bus 
side of the common feed for the control devices, 
which enables the latter devices to obtain full 
feeder voltage for reclosing in case the station bus 
is dead and the equipment is called upon to feed 
through the station. 

A set of resistors are used in the coil circuits of relays 
No. 102-A and No. 102-B in order to obtain a low- 
voltage operating point. As shown in Fig. 2, these 
resistors are short circuited by contacts 1-4 of their 
respective relays when the latter are in the de-ener- 
gized position or have not completed their timing. 
When the timing is completed these resistors are cut 
into the coil circuit so as to limit the coil current to a 
safe value in case the operating voltage is near normal. 
The resistors are selected so that there is no ‘“‘ pump- 
ing’’ of the relay at any voltage. 

Device No. 108 is a double-pole single-throw switch 
with quick-break contacts. This type of switch is so 
well known that further description is unnecessary. 
The function of the switch is to isolate the control 
circuits, and through No. 129-A and No. 129-B 
to open the load-indicating resistor circuit. With 
No. 172 in the tripped position, and No. 108 open, 
the feeder is completely isolated from the bus, as 
may be seen by reference to Fig. 2. 

Devices No. 129-A and No. 129-B, as shown in 
Fig. 4, are used to open the load-indicating resistor 
circuit. In the case of the standard form of equipment 
the current in this circuit is approximately 40 amperes, 
and is obtained with a short circuit on one side of the 
breaker and normal voltage on the other side. 
Although the circuit in this case is practically non- 
inductive, yet the amount of arc obtained when 
opening this circuit with the ordinary knife switch 
has been found to be too great. Consequently, this 
duty has been transferred to the above contactors. 

Two contactors are necessary since only one side 
may be alive, and in order to obtain proper sequence 
the No. 129’s must close before their corresponding 
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No. 102's. The contactors are double pole in order 
to open both ends of the load-indicating resistor, as 
shown in Fig. 2. 

In order to obtain a range of 300-660 volts it is 
necessary to add an interlock to these contactors as 
shown in Figs. 2 and 4. This interlock (5-6) is closed 
when the contactor is open, and in this position short 
circuits a resistor in series with the coil. The coil and 
resistor are selected so that there is no tendency to 
““pump”” over the above voltage range. 

Device No. 172, as used with this type of equipment, 
is illustrated in Figs. 5 and 6, 7 and 8. These circuit 
breakers have a light moving element and are equip- 
ped with a magnetic blow-out and metal-to-metal 
arcing contact, instead of the customary carbon 
block. These features result in a fast type of panel- 
mounted circuit breaker. The 1600-ampere size, 
Figs. 5 and 6, which is most commonly used for 600- 
volt railway service, will interrupt currents of over 


Fig. 4. Isolating Contactor. Two of these contactors are used, 
one as Device No. 129-A and the other as No. 129-B 


35,000 amperes in less than 0.04 second, the time 
being measured from zero to zero current, as shown in 
Fig.9. The latter illustration also brings out the relative 
speeds of the correspondingly-rated, magnetically-held, 
high-speed circuit breaker and the ordinary mechani- 
cally-latched circuit breaker with carbon arcing tips 
and relatively heavy moving parts. These results 
are from tests on the same circuit and with the same 
amount of connected power. 

With the combination of latched-in circuit breakers 
in the feeder circuits and high-speed breakers in the 
machine circuit it is interesting to note the action 
that is obtained when severe overloads are applied 
to the feeder. A number of tests were made for this 
purpose with two such circuit breakers in series, and 
with the high-speed circuit breaker paralleled by the 
customary resistor as used in the negative machine 
circuit. As ordinarily used this resistor limits the 
current (after the high-speed circuit breaker has 
opened) to a maximum of approximately normal 
current of the converter. 

In these tests both the 2000- and 4000-ampere high- 
speed circuit breakers were used with the 1600-ampere 
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circuit breaker of the type shown in Figs. 5 and 6. 
A number of trip points were used in order to simu- 
late various feeder and machine conditions. Fig. 10 
shows the general sequence obtained in all the tests. 


Fig. 5. 650-volt, 1600-amp., D-c. 
Mechanically Latched -in Circuit 
Breaker Used as Device No. 172. 
View shows the overcurrent 
tripping mechanism and auxil- 
iary switch cover 


Fig. 6. Another View of the Same 
Breaker, Showing the Hand, 
Shunt, and Current Trans- 
former Tripping Mechanism 


Fig. 7. 650-volt, 3000-amp., D-c., 
Mechanically Latched-in Circuit 
Breaker, Showing the Overcur- 
rent Tripping Mechanism and 
Auxiliary Switch Cover 


Fig. 8. Another View of the Same 
Breaker, Showing the Hand, 
Shunt, and Current Trans- 
former Tripping Mechanism 


The first peak in the direct-current wave shows the 
action of the high-speed circuit breaker, the horizontal 
portion showing the insertion of the limiting resistor 
in the machine negative. The current is finally 
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interrupted by the feeder circuit breaker. These tests 
showed conclusively that the latter breaker received 
enough of a tripping impulse to become unlatched, 
even when its trip point was higher than the value 
determined by the limiting resistor. 1t follows, there- 
fore, that such an arrangement then will both afford 
the desired protection to the machine, and yet select 
the faulty feeder and isolate it. The machine then 
goes back on the bus through the usual sequence. 
The change in deflection in the alternating-current 
timing wave (Fig. 10) just after the short circuit 
was applied is caused by the operation of a relay 
connected in the secondary of a current trans- 
former whose primary was also in series with the 
circuit breakers. This feature was also included in 
these tests in order to ascertain whether a mag- 
neticallv-held contactor used in the feeder circuit, 


AATTEET Pt ee 
HEHHE a 
HEH H HNI T HHTH 


LL 
ma 
aan’ 
aa 
oe ‘ 
el’ 
Y 
aa Bo 
p, 
poco 
F 


HHO AL 
MOTA 
PEA ERASE EA 


Fig. 9. Comperative Time-current Tripping Characteristics of Corre- 
spondingly Rated Magnetically-held High-speed Circuit Breaker 
(Curve 1) Mechanically-latched Circuit Breaker Used as Device 
No. 172 (Curve 2), and Mechanically-latched Breaker with Carbon 
Arcing Tips (Curve 3). Tests were made with the same external 
circuit conditions and with the same amount of connected power 


and tripped only by rate of change of current,would 
sequence properly. Correct tripping operation was 
obtained in all cases. 

If the overload is applied gradually, the machine 
load-limiting resistors come into action and are 
cut in successively in order to limit the machine cur- 
rent to a desired value. Other methods are also avail- 
able for limiting the machine output in such cases. 

The operating speed of the larger size circuit breaker 
(3000 amperes) is slightly slower than that of the 
smaller capacity breaker. In the case of the former, 
the time may be as great as 0.06 second as compared 
with 0.04 second for the latter. This increase in 
time, however, is not serious, since the breakers are 
equipped with practically identical tripping mech- 
anism, and the additional time is occasioned simply 
by the greater inertia of the heavier contact brush. » 

The entire group of circuit breakers have identical 
magnetic blowouts on the metal-to-metal arcing 
contacts. These cuntacts have successfully opened 
48,000 amperes at 550 volts in the case of the 3000- 
ampere breaker, where more power was available 
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than in the tests on the 1600-ampere size. The latter 
breaker has successfully interrupted 35,000 amperes 
at 550 volts. Fig. 11 illustrates this breaker inter- 
rupting 21,000 amperes at 550 volts on an inductive 
circuit. 

The overcurrent trip (see Figs. 5 and 7) is Ned 
by the usual ‘‘horseshoe’’ magnet, with armature, 
placed around the lower stud of the breaker. Varia- 
tions in setting are obtained by a spring which changes 
the current required to pick up the armature. In 
general, the overcurrent tripping range is from the 
rating of the breaker to three times this value, or as is 


Fig. 10. Tripping Sequence Tests of High-speed Circuit Breaker in 
Series with Circuit Breaker Used as Device No. 172. Current peak 
(Curve C) shows point at which high-speed breaker starts to open 
its contacts. Horizontal portion of curve shows insertion of cur- 
rent-limiting resistor in shunt with contacts of high-speed circuit 
breaker. Current finally interrupted by Device No. 172. Break in 
‘deflection of timing wave (Curve A) shows operation of a relay 
connected in secondary of current transformer whose primary was 
also in series with the breakers 


Curve A—A-c. timing wave Curve B—D-c. bus voltage 
Curve C—D-c. line current 


usually the case, from the rating of the feeder to three 
times rating. 

By the use of an inductive circuit in parallel with 
the upper portion of the overcurrent tripping magnet 
a certain amount of discrimination is obtained. In 
the case of short circuits some distance from the 
station, when relatively slow rates of current increase 
are obtained, it has been found that the trip point is 
reduced at least 20 per cent in terms of line current. 
With short circuits applied near the station the 
breaker has its trip-point lowered, in terms of the line 
current, but since the current is increasing so rapidly 
the tripping action is quickly performed, thereby 
producing the desired results. 
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The circuit breakers are also equipped with shunt 
and current transformer trip coils (see Figs. 6 and $8). 
Both coils are mounted on the same magnetic 
circuit but are independent of each other elec- 
tricallv. This tripping mechanism in turn is in- 
dependent of the overcurrent trip, so that either 


Fig. 11. Breaking 21,000 Amp. at 550 Volts in an Inductive 
Circuit by Means of a Circuit Breaker Similar to That 
Shown in Figs. 5 and 6 


one or both may be used as the case may be. The 
shunt trip coil is used principally in conjunction 
with automatic supervisory equipment, and has 
an operating range of 90-660 volts. 

The current transformer trip coil and mechanism 
form a part of the standard breaker. This method of 
tripping is obtained through a current transformer 
placed in the main circuit, and permits the breaker 
to be tripped only on rate of current change. A 
description of the current transformer is given further 
on in this article. 

Provisions are made in the design of these breakers 
for closing them by means of an emergency operating 
lever, and tripping them by hand by depressing a 
button at the side of the breaker (refer to Figs. 6 
and 8). This feature, together with the fact that the 
breaker is latched-in, is very advantageous during 
emergency operation. 

A 5-stage rotary auxiliary switch forms a part of 
the standard breaker. These switches are of the same 
type as may be found in the ordinary oil circuit 
breaker, and are mounted in the lower part of the 
mechanism frame (Figs. 5 and 7) where they are 
enclosed, partly by the frame of the breaker and 
partly by a cover extending to the right of the breaker 
frame. The switches are mounted on a square shaft 
- and may ke readily changed from circuit opening to 
circuit closing by turning them 90 degrees on the shaft. 
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Two of these switches are used in the reclosing circuits 
as shown in Fig. 2, the remainder being available for 
remote supervision and indication, or for interlocking 
purposes and other control. 

The circuit breakers may be mounted on panels 16 
inches wide. An ammeter is usually placed below 
the breakers as indicated in Fig. 1. 

A counter 1s attached to the left lower portion 
of the circuit breaker mechanism which indicates 
the number of breaker operations. 

Device No. 172-X as shown in Fig. 12, is a relay 
equipped with a copper-jacketed coil. This feature 
permits the contacts of the relay to remain closed 
a short time after its coil has been de-energized, as 
in the case of the breaker closing and the ‘‘b’”’ auxiliary 
switch opening (see Fig. 2). The contacts of No. 
172-X control the closing coil of the circuit breaker 
No. 172 and keep the coil energized long enough to 
allow the latch to seat and the breaker to get into 
a fully closed position. This relay has a practically 
constant dropout time on 300 to 660 volts. 

Device No. 182 is illustrated in Fig. 13. This relay 
has two elements, one of which (the actuating) tends 
to close the contacts, while the other (the restraining) 
tends to open them. The actuating element is shown 
at the left in Fig. 13, while the restraining element 
is at the right. There are two coils on each of the 
two elements. 

On the restraining element there is wound the 
restraining coil, 3-4, Fig. 2 (which shows the back 
view), and the compensating coil. The restraining 
coil is connected in parallel with the load-indi- 
cating resistor and is described more in detail 


Fig.12. Auxiliary Relay of the Hesitating Type 


Used as Device No. 172-X 


in a following paragraph. It should be noted that 
the current through the restraining coil may flow 
in either direction, depending on which side of the 
breaker the short circuit occurs, or which side has 
the higher voltage. Due to magnetic leakage 
between the actuating and restraining elements, there 
would be a difference in calibration depending on the 
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direction of flow of current through the restraining 
coil, 3-4. This leakage, however, has been ‘‘balanced 
out” by placing a compensating coil on the restraining 
element which is in series with the actuating coil, 
and so connected as to ‘‘buck out” the effect of the 
leakage flux from the actuating coil. This connection 
gives a neutralizing effect which is approximately 
proportional to the actuating coil voltage. 

The actuating element consists of two coils, viz., 
the actuating and holding. The actuating coil, 5-6, 
Fig. 2, 1s connected to the positive source of control 
voltage through either No. 102-A or No. 102-B as 
already described. Consequently, current flows in this 
coil in the same direction at all times and in the same 
direction as that in the holding coil, in the 1-2 con- 
tact circuit, which permits proper reclosing action 
once the relay contacts have made, regardless of a 
subsequent change during the closing period. This 
is necessary since the contacts of No. 182 are not 
capable of opening any considerable current at 600 
volts. The chances of such a change during the closing 
period (approximately 1 second) are very remote. 

By the use of the above coil combination in No. 182 
the relay holds its ratio (10:9) very well over a range 
of 450-660 volts, with current flowing in either 
direction through the restraining coil. Between 300- 
450 volts the ratio begins to fall off somewhat and 
is on the side where the load resistance must be 
higher as the voltage decreases. Such a characteristic 
tends to limit the load under extremely low-voltage 
conditions and does not tend to pull the system volt- 
age down still further. By obtaining the voltage ratio 
setting, as between 450-660 volts, the feeder will 


Fig. 13. D-c. Reclosing Relay, Device No. 182 


reclose on stub feed on an approximately constant 
load resistance. 

Device No. 189, the direct-current line switch, is 
of a well-known type. By referring to Fig. 2, it will 
be seen that this switch isolates the equipment from 
the feeder circuit. It is usually included with the 
equipment since it is desired to have the line switch 
mounted on the panel rather than at some remote 
point, for example, in the substation basement, at 
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the point where the feeder cables enter the ducts. 
Switch No. 189 should be closed and opened only when 
devices No. 108 and No. 172 are in the open position. 

The load-indicatimg resistor, as shown in Fig. 14, 
is a self-supporting unit of the ribbon-wound type. 
This unit is capable of having 660 volts impressed 
across its terminals continuously, as in the case when 


Fig. 14. Load-indicating Resistor Rated 600 Volts, 40 Amp. 


there is a short circuit on one side of the breaker. 
Under such conditions approximately 40 amperes 
will flow through the unit. The ribbon material 
has a practically zero temperature coefficient of 
resistance. 

The resistor is usually mounted on tie rods in 
back of the switchboard. The long dimension must 
be kept horizontal as shown in Fig. 14, and enough 
head room should be provided above the resistor 
so as to allow a free circulation of air. The units can 
be readily mounted on 16-inch centers and are 
capable of carrying the above current indefinitely 
with adjacent units energized also. 

The current transformer, shown in Fig. 15, is em- 
ployed only when it is desired to trip the breaker on 
rate of current change. As shown in this illustration, 
the transformer used for this purpose is a standard 
bar-type instrument transformer with air gaps cut 
in its magnetic circuit on opposite sides of the core. 
After this operation, non-magnetic shims are inserted 
in the gaps so that the core can be tightened in place. 

The purpose of this gap is to prevent saturation. It 
is well known that the value of primary current 
necessary to saturate an instrument transformer is 
very small in terms of its rating. If a short circuit is 
applied, while carrying normal load the resultant 
change in flux is sufficient to trip the breaker, when 
the proper air gap is used. 

The length of the air gap has been determined from 
tests on equivalent circuits, the results thus obtained 
being in turn checked against results obtained from 
typical circuits in the field. The value of induct- 
ance, resistance, and initial current (before the short 
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circuit is applied) are selected and the air gap is varied 
until the point is reached where the breaker will trip. 
It should be noted that the current transformer trip 
coil of the breaker is connected directly to the second- 
ary of the current transformer. There are no inter- 
mediate relays or devices. 

If the air gap is too small the transformer readily 
saturates, and will not give the desired change of 
flux. Again, if the air gap is too large there is not 
enough change in flux. The gap is adjusted to a 
value where tripping will be obtained. 

The final adjustment under actual operating con- 
ditions is sometimes determined by trial. However, if 
sufficient data are available concerning the load and 
the circuit it is a simple matter to set up the equiva- 
lent circuit at the factory and adjust the air gap. In 
general, it has been found much simpler in the field 
to vary the air gap and use one setting of the trip 


Fig. 15. Type of Current Transformer Used for Tripping 
on Rate of Current Change 


coil. (Since both the shunt and current transformer 
trip coils are on the same magnetic circuit, the 
adjustment of one will affect the other.) The adjust- 
ment is ordinarily left for a number of days and the 
tripping action noted. Any necessary further change 
is then made in the air gap. So far, in only a limited 
number of cases has the factory adjustment required 
changing. 

A two-point potential receptacle is also a part of the 
standard reclosing unit. This receptacle is connected 
in series with an instrument fuse to the feeder side 
of the circuit breaker, and by extending the con- 
nections to the station voltmeter bus, enables the 
feeder voltage to be read. 
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An ammeter and shunt are usually mounted on the 
feeder panel. The shunt is of the well-known type 
usually having a 60 milli-volt drop at rated current. 
The ammeter is a round pattern miniature instru- 
ment, Fig. 16. This instrument is 314 in. in diameter, 
is rust-resisting and has a zero adjustment accessible 
from the outside of the case. 

The panel, as shown in Fig. 1, may be of either 
natural black slate or asbestos ebony and is made up 
of three sections of 31, 31 and 28 inches high, respec- 


_ tively, in order from top to bottom. The panel is 


Fig. 16. Miniature Type, Round-pattern Ammeter 
Used to Indicate Feeder Current 


16 in. wide. This panel width has a decided advan- 
tage when applying these units to existing manually- 
operated stations, since in a majority of these instal- 
lations the panels are 16 in. wide. The modification 
of the present 800-amp. (or smaller) size increases 
the panel width to 20 inches. 

Practically all of the devices used with these 
reclosing feeder equipments are mounted on the 
front of the board. The units mounted on the back 
of the panel such as resistors, terminal blocks, am- 
meter shunt, etc., have no moving parts. This method 
of mounting permits the sequence to be checked from 
one spot and greatly assists in considering the equip- 
ment as a unit and not as a group of scattered devices. 
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Tests of Radio Propagation on Short 
Wavelengths 


Reason for T ests—Channels Investigated—Routine of Tests— Analysis of Results at Different 
Wavelengths—General Conclusions 


By M. L. PRESCOTT 
Radio Engineering Department, General Electric Company 


HE advent of short waves 

into the radio field has 

merited much discussion 
during the past two years. 

Amateur and commercial ex- 
perimental organizations alike 
have made investigations in the 
hope of enhancing their knowledge 
of the phenomena surrounding 
wave propagation. These studies 
have unearthed many factors 
in connection with short waves 
that are contradictory to expecta- 
tions based on a knowledge of 
long wave behavior. Perhaps the most outstanding 
of these factors was the discovery that short waves 
could be economically and satisfactorily used for com- 
munication over long distances. Almost simultane- 
ously with the establishment of this fact, radio 
telegraph companies began to utilize short wave 
channels for the handling of commercial traffic. At 
the time of this writing, a small percentage of 
trans-oceanic communication is being maintained 
with wavelengths shorter than 50 meters. It is 
expected that this percentage will gradually increase. 
It has been found in several instances that com- 
munication could be maintained with short waves 
and low power when long waves and high power were 
unsatisfactory. In the broadcast field programs trans- 
mitted on a short wave have been regularly heard 
in localities at great distances that have never been 
reached with any degree of reliability by the longer 
wavelengths of the broadcast band. 

However, there are distances of one or two hundred 
miles which need to be spanned just as well as those 
of several thousand miles. Can short waves meet 
this requirement? To obtain data on this question, 
the General Electric Company recently conducted a 
series of propagation tests at wavelengths representa- 
tive of those that have been allocated for point to 
point commercial work. 


Choice of Wavelengths 

There are several wavelength channels which have 
been allocated for point-to-point service. These 
channels are: 


(1) 21.4 to 26.3 meters (3) 66.3 to 75 meters 
(2) 33.1 to 37.5 meters (4) 85.7 to 105 meters 
(5) 133 to 150 meters 


If we could with certainty 
trace the paths followed by radio 
waves, many {vagaries of their 
propagation could be circum- 
vented. However, since we are 


much more closely earth bound 
than are these carriers, our initial 
and practical interest lies in the 


ground level plane. 
here described are particularly 
anstructive.—EDITOR 


Since these channels include 
wavelengths whose characteristics 
are not very well understood it 
is desirable that data be secured 
for determining the relative 
merits of each channel. Suppose, 
for example, it is desired to select 
from one of these channels the 
most suitable wavelength for com- 
munication over a distance of 150 
miles. What wavelength will most 
efficiently span this distance? 
Obviously, the answer can be best 
obtained by making experimental 
transmissions on various wavelengths over the dis- 
tance in question. To obtain a range of data which 
will be of assistance in solving such problems, the 
facilities of the South Schenectady Developmental 
Station were utilized and tests conducted over various 
distances with various powers at 32.79, 65.16, 109, 
and 140 meters. It will be observed that none of 
these wavelengths, with the exception of 140 meters, 
is within any of the channels under investigation. 


The tests 


_ The reason is that previous to these tests the trans- 


mitters had been adjusted for the particular wave- 
lengths at which the tests were conducted. As this 
was the case, and considering the time and labor 
involved in readjusting the transmitters, it was 
thought proper to conduct the tests on these wave- 
lengths, especially as their proximity to those of the 
respective channels makes the:r characteristics per- 
fectly representative of those for each channel 
mentioned except the first, 1.e., 21.4 to 26.3 meters. 


Equipment Used During Tests 

It is beyond the scope of this article to give a 
detailed account of the transmitting and receiving 
equipment used during these tests. 

A quartz crystal held the frequency of each trans- 
mitter practically constant, thereby eliminating any 
fading effects that might have been produced from this 
source. The output of the crvstal-controlled tube was 
transferred into a chain of intermediate amplifiers 
before going into a final stage from which it was fed 
into the antenna system. The desired power outputs 
were secured by changing the plate voltage of the 
amplifier stages and, also. by adjusting their bias 
voltage. 
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A super-heterodyne receiver capable of tuning 


over a broad band of wavelengths was used by. 


each of the field observers for receiving the test 
signals. In addition to the usual features, these 
receivers were operated in conjunction with a device 
that provided a means for checking their over-all 
sensitivity. By means of this, errors arising from 
changes in receiver sensitivity could either be com- 


Midnig 
Time (E-S.T.) of Observations 


Twenty-four Hour Intelligibility Curve for 32.79 Meters. 
A modulated power output of 500 watts was used 


Fig. 1. 


pensated for or entirely overcome. A ground con- 
nection and a short indoor antenna provided sufficient 
signal pick-up. 


Location of Observers and Schedule 

Four observers were stationed at intervals of 50 
miles in a westerly direction from Schenectady along 
a line between Schenectady and Buffalo. These men 
made simultaneous observations on all the test 
transmissions. The observation points chosen were 
relatively free from interference and, as had been 
determined during previous field trips, were known 
to be comparatively free from local influences. No 
attempt was made to secure ideal locations free 
from all sources of disturbance. 

The transmission schedule for each of the four 
wavelengths was of two weeks’ duration. During the 
first week of each schedule, transmission was begun at 
12 o'clock midnight and continued intermittently until 
12 o’clock noon of the same day. To permit observa- 
tions to be made during periods of darkness, semi- 
daylight, and complete daylight the daily schedule 
was divided into three periods. Complete darkness 
characteristics were obtained from midnight to 2:00 


a.m., semi-daylight characteristics from 4:00 a.m. 
to 8:00 a.m., and those for daylight from 10:00 
a.m. to noon. A similar procedure was followed 


during the second week, except that the schedule 
started at 12 o’clock noon instead of 12 o’clock mid- 
night. This twelve-hour time change was made to 
permit the securing of approximate 24-hour signal 
characteristics by transmitting during 12-hour periods, 
t.e., the period from midnight to noon was investigated 
the first week, while that from noon until midnight 
was covered the second week. 

For determining the comparative reception of 
voice modulated and continuous-wave (CW) telegraph 
signals at distances of 50, 100, 150 and 200 miles 
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from the transmitter, special test messages were 
transmitted at scheduled intervals. These were 
copied as accurately as possible by the field observers. 
To obtain a direct comparison between the reliability 
of the received signal and the power of the trans- 
mitter, power outputs of 150, 500 and 2000 watts 
were successively used during the sending of these 
messages. In the analysis of each wavelength test 
it has been assumed that to be capable of rendering 
satisfactory commercial service a voice modulated 
signal must be received with not less than 70 per cent 
intelligibility after a single unrepeated transmission. 

The expression ‘‘per cent intelligibility’? does not 
refer to the quality of the reception, but to the per- 
centage of the transmitted material which was 
received. The factors preventing 100 per cent in- 
telligibility are, as is generally known, fading, 
interference, and low signal intensity. These 
are not analyzed separately in this article, but 
the deviation from 100 per cent is due to a com- 
bination of these factors. An intelligibility of 70 
per cent has been assumed, in this article, to be the 
minimum degree of service necessary for commercial 
applications.. 


Result of 32.79 Meter Test 

Prior to this test, it was realized that 32.79 meters 
would not be a suitable wavelength for covering the 
distances under observation. This belief was main- 
tained due to the presence of a so-called “skip dis- 
tance,” which is characteristic of wavelengths shorter 
than about 45 meters. Thus, if observations are made 
at a number of points at varying distances from the 
transmitter, when transmitting at a wavelength 
below 45 meters, it will be observed that the signal 
reaches its lower useful limit comparatively near the 
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Fig. 2. Twenty-four Hour Intelligibility Curves for 65.16 Meters. 
A modulated power output of 500 watts was used 


transmitter: say, for example, at 40 miles. Continuing 
to greater distances the signal remains weak. or 
entirely inaudible, until 250 or 300 miles have been 
covered when it suddenly becomes strong again. 
The distance from the transmitter to this point is 
referred to as the “skip distance.” 

The results of the test verified the supposition 
that 32.79 meters is not a desirable wavelength for 
carrying on communication over short distances. 


TESTS OF RADIO PROPAGATION ON SHORT WAVELENGTHS 


The extent of the skip distance was found to be so 
great that none of the field observers were successful 
in copying more than a few per cent of the voice 
modulated transmissions. See Fig. 1. 

It is very interesting to note that a reception report 
was received from a listener in Australia who suc- 
ceeded in copying the telephone transmissions with 
almost 100 per cent accuracy. The signal audibility 
that he reported was several times greater than that 
observed by any of the men stationed between Schenec- 
tady and Buffalo. 


Result of 65.16 Meter Test 

Much higher intelligibility percentages were ob- 
tained at this wavelength than at 32.79 meters due 
to almost total disappearance of the “skip distance” 
region. See Fig. 2. From this diagram it will also be 
noted that the 50- and 100-mile curves show that 
better reception was obtained during the day than 
at night. This rather unexpected result was brought 
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Fig. 3. Twenty-four Hour Intelligibility Curves for 109 Meters. 
A modulated power output of 500 watts was used 


about on account of fading being more pronounced 
and troublesome during the hours of darkness than 
during daylight. Beyond these distances the night 
transmissions show a slight superiority over those 
for the day. 

On the basis of 70 per cent intelligibility, further 
reference to Fig. 2 will show that a power output of 
500 watts on a wavelength of 65.16 meters will 
transmit a commercial signal for all distances up to 
about 100 miles from the transmitter. 


Result of 109 Meter Test 

Considerable interference from static was en- 
countered during the 109-meter test. This inter- 
ference tended to make an average of the results 
for the two weeks’ period so conservative that they 
could not be directly compared with those of 32.79 
and 65.16 meters. The 109-meter curves of Fig. 3 
were obtained by averaging the intelligibilities secured 
during the periods when the static lulled sufficiently 
to permit normal reception. Further reference to this 
illustration will indicate that the performance of 109 
meters at 50 and 100 miles was similar to that for 
65.16 meters. The maximum distance over which 
70 per cent, or higher, intelligibility could be obtained 
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was of about the same magnitude for each of these 
wavelengths. This might lead to the conclusion 
that there is little to choose between the relative 
merits of these wavelengths. However, such a con- 
clusion would not be entirely correct because it was 
found that for points nearer the transmitter than 
any shown on the curves the troublesome effects 
of fading were more pronounced on the shorter wave. 
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Fig. 4. Twenty-four Hour Intelligibility Curves for 140 Meters. 
A modulated power output of 500 watts was used 


Consequently, consideration must be given to the 
magnitude of the distance over which communica- 
tion is desired before making a choice between the 
two wavelengths. 


Result of 140 Meter Test 

The day and night intelligibility percentage curves 
for 140 meters are indicated by Fig. 4. Again it will 
be noted that bad fading at the 50- and 100-mile 
observation points caused the night intelligibilities 
to be less than those recorded during the hours of 
daylight. At 150 and 200 miles this effect was reversed, 
thus permitting better night reception at these 
distances than at 50 or 100 miles. 

The attenuation of 140 meters during the daytime 
was considerably greater than that observed with the 
shorter waves. This makes it unsuited for economical 


Distance From Transmitter in Miles 


Fig. 5. Seventy Per Cent Intelligibility Curves for 65.16, 109 and 
140 Meters. Voice modulated signals giving 70 per cent, or 
more, intelligibility, after a single unrepeated transmission, are 
considered capable of rendering satisfactory commercial service 


daylight service beyond an approximate distance of 
100 miles. For lesser distances it gave very satisfactory 
results as indicated by Fig. 4. 


Summary Curves 

Curves showing the maximum distance over 
which a given power will furnish a 70 per cent in- 
telligible voice modulated signal are shown in Fig. 5. 
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These curves are for daytime conditions. A similar 
set of curves showing the night 70 per cent limits 
could not be prepared on account of the irregular 
behavior of the signals during the hours of darkness. 
From Fig. 5 it is possible to obtain the power output 
necessary to give 70 per cent, or more, intelligibility 
of voice modulated signals at various distances from 
the transmitter, using wavelengths of 65.16, 109 and 
140 meters. 


Conclusion 

The following conclusions are made with reference 
to these tests only, and are, therefore, not general, 
and may not be applied directly. The tests were all 
made over the same intervening country, and during 
the same season of the year. They do not, therefore, 
take into account seasonal variations, or the effect 
of the nature of the intervening territory—two factors 
of great importance. 

(1) Channels comprising wavelengths shorter than 
those of the 66.3 to 75 meter channel will not give 
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economical service at points within 100 miles of the 
transmitter. 

(2) The 66.3 to 75 meter channel, the 85.7 to 105 
meter channel, and the 133 to 150 meter channel are 
capable of rendering economical service at points 
within 100 miles of the transmitter. 

(3) For daylight communication at distances not 
greater than 90 miles from the transmitter, the 133 
to 150 meter channel will give better satisfaction 
than the 85.7 to 105 meter channel. Similarly, the 
85.7 meter channel will give better service than that 
which can be obtained under the same conditions 
using the 66.3 to 75 meter channel. 

No definite statement can be made regarding 
the relative merits of these channels for night 
service. 

(4) The above conditions are reversed when dis- 
tances between 90 and 200 miles are considered. In 
this case, the 66.3 to 75 meter channel will give better 
service during daylight than the 85.7 to 105 or 133 
to 150 meter channel. 


An Interior View of the South Schenectady Developmental Radio Station 


The Protection of Oil Tanks and Reservoirs 
Against Lightning” 


By F. W. PEEK, JR. 
High-voltage Laboratory, Pittsfield Works, General Electric Company 


the only complete protection in oil storage against 

both direct strokes and induced lightning voltages. 
The thickness of the metal is not important from the 
standpoint of induction but from the standpoint of 
direct strokes must be great enough to prevent melt- 
ing through. The cover and all other metal parts must 
be in good electrical contact. This applies especially 
to parts near together. 

When all-metal tanks or reservoirs are not eco- 
nomically feasible, the following protective schemes 
may be applied to reduce the hazard. If explosive or 
inflammable gases can be eliminated the problem is 
greatly simplified since it is reduced to the protection 
of the tank against direct hits. It appears that this can 
be done by placing pointed lightning rods around the 
tank. A round tank can be protected by three rods. 
No part of the area to be protected should be at a 
greater distance from some rod than approximately 
four times the height of the rod. To secure a greater 
factor of safety it may frequently be advisable to 
use a ratio of less than four. This ratio which is not 
constant is given in a curve. The practical range is 
usually between three and four. It is desirable to locate 
‘the rods about a rod’s length away from the tank 
although the distance can be made as small as half a 
rod length. The object of placing the rods away from 
the tank is to cause the hits to occur at some distance 
from the tank and to prevent side flashes. The rods 
should be grounded to damp earth immediately below. 
Where the ground resistance is high or uncertain, it 
is probably best to connect the rod to the tank ground 
as well as to its own ground. If guys are used, it is 
desirable to make them short and to attach them to 
the rod as near the ground as practicable. When 
there are any projections above ground, such as the 
roof, top, or other parts of the tank or reservoir, the 
height of the rods should be increased an amount 
equal to the height of the highest projection. 

When inflammable gases are present it is important 
to reduce or eliminate induced voltages. This can be 
done by means of a thin metal or conducting roof 
grounded and preferably extending over the sides. 
A lesser degree of protection can be obtained by nets 
or wires placed on or above the roof in the same way. 
When nets are used, the closer the mesh the greater the 
protection. Less protection would be given by wires 
or nets in practise than indicated by tests on models. 


T VESTIGATIONS indicatethatametal tankoffers 


*An extract from the author's paper on as that appeared in 
the Journal of the A.L.E.E., Dec., 1926, p. 1246 


This follows because the inductance of long wires 
would not permit them to go instantly to zero 
potential. 

The high degree of protection given by an all-metal 
tank is probably most nearly approached by a com- 
bination of rods to take direct hits and a thin metal or 
conducting roof and sides to protect against induced 
voltages. Wires or mesh on or above the roof instead 
of metal sheets would reduce induced voltages to a less 
extent. In tests with a uniform electric field, a con- 
siderable variation of the distance of the net above 
the roof did not materially change its protective 
value. While there may be theoretical reasons for 
placing the net at some distance above the roof, 
depending upon the size of the mesh, it would appear 
less expensive and, by tests, as effective to put it 
directly upon the roof. All metal parts close to the 
net should be connected to it. If this is difficult or 
uncertain, it may generally be desirable to raise the 
net on slats or otherwise to bring it away from such 
objects. With quarter-inch mesh, the supporting 
slats need not be more than several inches high. In 
working out the protection for any tank, such details 
are important. 

The subject of protection may be summarized as 
follows: 

(1) An all-metal tank offers the most complete 
protection against both induction and direct strokes. 
Such a tank does not seem to be always economi- 
cally feasible. (2), (3) and (4) apply in particular 
when the tank is not all metal. 

(2) When explosive or inflammable gases are not 
present, it is not ordinarily necessary to provide for 
protection against induced voltages. Rods can then 
be used to protect against direct hits. Rods do not 
protect appreciably against induced voltages. 


(3) When inflammable gases are present protection 
against induced voltages and also direct strokes is nec- 
essary. When an all-metal tank is not practicable from 
the standpoint of cost, the next best protection would 
be offered by thoroughly bonded and grounded metal 
roof and sides to guard against induced strokes com- 
bined with rods to take direct hits. The roof 
could be of thin metal, since direct hits would go to 
the rods. 

(4) For the same purpose as the metal roof in 
(3), but less effective, would be the substitution of a 
wire net. The smaller the mesh the more effective the 
net. 
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INSTALLATION is rapid and inexpen- 
sive because the units are self-contained 
and shipped ready for service. 


"HEN 


MAINTENANCE is simple and easy 
f ga J because removal of units permits inspec- 
UAS = tion and repair when convenient. 


~ — 


POWER is never interrupted long be- 
cause only a few minutes are required to 
replace a unit with a spare. 


SAFETY is complete because all repairs 
are made on a dead board and no high 
tension parts are exposed. 


TRUCK-TYPE SWITCHBOARDS 


—part of the complete line of 
General Electric equipment 
to control and protect 
power generating and 
distributing apparatus. 
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“I saw the Lightning's gleaming rod 
Reach forth and write upon the sky.” 
— Joaquin Miller 


The study of lightning is being pursued in many ways, and with increasing success, thanks to the gradual 
accumulation of accurate field data, and the development of instruments capable of recording 
and measuring the extent of the consequent electrical disturbances 
(See pages 124 and 135 
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Wheeler Equipment at Trinidad 


HE new Trinidad Station of the Texas Power & Light Co. com- 
prises two 20,000 kw. turbines to operate on 375 lbs. steam pres- 
sure. Each turbine is served by the following Wheeler equipment: 


A 20,000 sq. ft. single pass Direct Flow condenser with steam jets, 
circulating and hotwell pumps. 


A single effect high pressure evaporator and evaporator condenser. 
A condenser for gland steam. 


Two low pressure extraction heaters and one high pressure extrac- 
tion heater. 


Special precautions have been taken to make this station reliable, as 
well as economical. The condensers are of special construction to 
prevent circulating water leakage into the condensate, and all make- 
up is distilled water from the Wheeler Evaporators. 


A complete description of this station is printed in the 
January issue of the ‘‘WHEELER NEWS” Write for a copy. 
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Condensers—All Types 
Cooling Towers 
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Steam Jet Air Pumps 
Heat Exchangers 
Expansion Joints 
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Centrifugal Pumps 
Condenser Tubes 
Brass ana Copper Pipe 
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FROM FANCY TO FACT IN LIGHTNING 


Since the dawn of recorded history, lightning has 
been a subject of emotional thought and absorbing 
study. The proportions of the mixture of these human 
reactions have always been an indicator of the relative 
knowledge of the times. In the early days, attention 
was directed chiefly to an effort to correlate lightning 
and its effects with the supposed presence of certain 
evil spirits, or with avenging punishments sent down 
by the worshipped gods. For many centuries, the 
conceptions of lightning were formed in supersti- 
tion and fear which engulfed practically the entire 
human race. 

Deliverance from the reign of fierce demons, angry 
gods and diabolical witches did not come until the 
vear 1752 when Benjamin Franklin, that versatile 
scientist and statesman, invented the lightning rod 
after proving by his kite experiment the identity 
of lightning discharges with the electric spark. 
This work of Franklin gave an impetus to logical 
inquiry into the study of lightning and the natural 
laws governing it. | 

Progress in this study has not been rapid although 
many notable contributions have come during the 
last decade. The scientific study of lightning may 
logically be divided into three types of investigation: 
First, the work dealing with the natural performances 
of lightning attending electric storms, the routes or 
paths of prevailing storms, the effect of geography 
or local topography on the number of lightning 
strokes to earth, the susceptibility of different objects 
or structures to direct strokes, and the nature and 
diagnosis of damage to objects caused by direct 
strokes. Second, the more statistical study of life 
and property losses from lightning and the evalua- 
tion of the hazard incident to various conditions. 
Third, the analysis of the flash itself with respect 
to the mode of formation of the static charge, and 
with respect to its voltage, energy, current, wave 
front and duration, illumination, induced effects and 
the effectiveness of different measures of protection. 

The first class of investigation is one extremely 
dificult of accomplishment and the available data 
have been fragmentary. Such a study requires in- 
tensive methods of survey with a complete and well- 
disciplined organization invested with the patience 
to carry on the same painstaking effort over a period 
of many years. The lack of data pertaining to this 
phase of the lightning problem in this country makes 
Dr. R. Mitsuda’s article of exceptional interest. 
Aside from its real scientific value, there is a decidedly 


practical import to the survey as a basis for checking 
losses to life and property by intelligent protection. 

The second type of investigation is one which has 
been conducted for many years by our National 
Board of Fire Underwriters and associated insurance 
companies. Their reports show that, in this country 
alone, lightning takes a toll of 500 to 700 lives a year, 
injures about twice as many other people, and causes 
property damage totalling millions of dollars. Many 
mutual fire insurance companies and others pay 
lightning losses that are not reported as such for 
tabulation; and since the greater part of the losses 
is incurred on farm property, much of which is 
insured in mutual companies, it is probable that the 
total loss runs to many millions more than shown by 
the Underwriters’ tabulations. 

The number of casualties from lightning is insig- 
nificant in comparison with the total number from 
other causes, but to arrive at the relative danger 


from lightning it is necessary to evaluate the short 


time that a person is exposed during the course of a 
year. Three or four hours of actual exposure would 
be a fair approximation, while the exposure to acci- 
dents from all other causes is perhaps 10 hours a 
day. If the exposure to lightning were of the same 
duration per day, the total number of fatalities would 
be 1000 times greater than it is now or would total 
about 600,000. This, fortunately, is only a mathe- 
matical derivation but it indicates that the hazard 
from lightning is well worth careful consideration. 

The third variety of investigation has been under- 
taken by many scientists in both field and laboratory 
researches. It presents numerous problems, many of 
which have appeared to be insurmountable. The 
lightning stroke comes when it will, irrespective of 
the wishes of the man who would measure it or its 
effects. Its duration is but a few millionths of a 
second. The necessary measuring instruments must 
therefore be capable of instantaneous response with- 
out any initial warning. The development of the 
Surge Voltage Recorder, which produces photographic 
Lichtenberg figures that are capable of being cali- 
brated in conjunction with the Cathode Ray Oscillo- 
graph, has made available new information such as 
that presented by E. S. Lee and C. M. Foust in this 
issue and has stimulated a greater interest in this 
phase of the lightning problem. Our hopes of under- 
standing lightning, both qualitatively and quantita- 
tively thus seem to be better founded now than ever 
before. 
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Lightning Survey in Japan 


Statistical Consideration of Lightning—Geographical Distribution, Frequency, Intensity, Seasonal 
and Diurnal Changes—Statistical Consideration of Resultant Damage—Conclusions 
to be Drawn from These Statistics 


By DR. R. MITSUDA 
Electrotechnical Laboratory, Ministry of Communications, Tokyo, Japan 


a very conspicuous. phe- 
nomena in the atmosphere 
and have attracted the attention 
and concern of many persons, 
and while numerous studies there- 
on have been made, there still 
remains much to be done to pro- 
vide for protection against them. 
Aside from the question of 
safety, lightning strokes hold a 
serious relation to the electric 
industry, as several kinds of elec- 
tric wires, either of communication 
lines, or of electric power transmission lines, or dis- 
tribution lines, are exposed in many networks all 
over the country. 

The records of many lightning strokes in Japan 
have been collected during the past four years from 
1921 to 1924, through the courtesy of the local 
prefectural offices, to provide for the study of the 
nature of lightning and of protection from it. 

There have been recorded more than 2500 cases 
of lightning strokes. They are, in the following report, 
statistically investigated and treated analytically as 
regards the injuries effected by them. While there 
are some cases of lightning that failed to get into 
the records or of which the details are missing, it is 
believed that the following considerations will be 
good enough to show what lightning conditions in 
Japan are, as far as public 
safety and social economy 
are concerned. 


L HTNING discharges are 


Statistical Considerations of 
Lightning Strokes 


Geographical Distribution 


Fig. 1 shows the geo- 
graphical distribution of all 
of the lightning strokes, 
dotted on a map. 

The lightning spots are 
scattered according to local 
conditions, being dense in 
the Kwanto district in the 
vicinity of Tokyo, in the 
Kinki district which is the 


middle part of the country, Fig. 1. 


Thanks to certain regulations 
of their government, 


engineers have access to excep- 
tionally accurate data concerning 
the performance and effects of 


lightning discharges in nature. 
Consequently, the information 
given by the author is especially 
interesting because 11 is the result 
of field observation rather than of 
laboratory experiments.—E DITOR 


and in the northern part of 
Kiushu. 


Japanese Frequency of Lightning Strokes 


The frequency of lightning 
strokes in a district may be com- 
pared to those of other districts 
by means of percentage represen- 
tation, and the average frequency 
or density may be chosen con- 
veniently as the basis of compar- 
ison or hundred per cent, which 
really corresponds to one case of 
lightning stroke per 480 square 
kilometers (approximate) of area per year. 

Fig. 2 shows the lightning frequencies of local 
districts, laid out from the standpoint of lightning 
densities. 


Geographical Distribution of Lightning Strokes in Japan 


LIGHTNING SURVEY IN JAPAN 


The districts are shaded respectively according to 
the densities as indicated in the reference of the map. 
It is remarkable that the Kwanto district is the most 
prolific in lightning strokes, its percentage being 
546 per cent, Nagoya and vicinity being next with 
329 per cent, and the northern part of Kiushu next 
with 305 per cent. 


Intensity of Lightning Strokes 


The intensities of lightning strokes are compared on 
the basis of the damage caused by the individual 


| RH More than 200% 


Less than 200% 
More than 100% 


Less than 100% 
More than 50% 


Less than 50% 


Uncertain 
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Fig. 2. 


stroke. The intensity of lightning in a district is figured 
for convenience by the percentage of lightning strokes 
causing comparatively serious damage as against the 
total number of strokes occurring in the district. 
Table I shows the lightning intensities under 
this definition of the several districts already 
shown in Fig. 2. It may be easily perceived that 
the more frequent the lightning strokes are in any 


Comparative Frequency of Lightning Strokes in Different Districts of Japan 
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district, the more intense they are. In other words, 
the intensity is directly proportional to the fre- 
quency. 


Routes of Lightning 


Lightning storms depend as much on the local 
topographical conditions as they do on the atmos- 
pheric conditions. In so far as these conditions do 
not differ materially, and are repeated from year to 
year, lightning storms will naturally have the same 
definite characteristics each year. 

Where the topographical vari- 
ations are conspicuous, as in the 
Kwanto district, the lightning 
characteristics are most settled 
and are inherent to that locality. 
Thus by tracing the lightning 
strokes on the map, the regular 
paths of electrical storms may be 
traced. Fig. 3 is a local map of 
the Kwanto district, showing the 
principal routes of lightning 
storms. In this district, light- 
ning storms originate princi- 
pally either among mountains 
near Nikko and Nasu, among 
mountains of Mt. Akagi and 
Mt. Haruna, or among moun- 
tains near the City Kofu, and 
move down toward Tokyo 
as shown by the arrows in the 
map. It is very interesting to 
note that the routes of light- 
ning storms follow the valleys 
from among the mountains 
of high altitude down to the 
plains. 


Seasonal Changes of Lightning 


Fig. 4 shows the seasonal 
changes of lightning, in which 
the number of lightning strokes 
is plotted as ordinate against 
the corresponding months as abscissa. 

As shown in the figure, lightning strokes are 
most frequent, irrespective of objectives, in August, 
amounting during that month to 41 per cent of 
the total for the year, and are next in order of 
frequency in July and in September, amounting 
to 24 per cent and 14 per cent of the total ‘respec- 
tively. | 


TABLE 1 
PER CENT 
Section | 
A B c D E F G H I J « | | M N lo lp 
Intensity| 74.2 | 69.2 | 71.7 | 67.4 | 84.8 | 64.9 | 76.0 | 84.8 | 83.4 | 91.7 : | 76.7 | 74.6 | 75.8 | 78.2 


| 
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It may be remarked that the seasonal changes of 
lightning follow those of humidity and atmospheric 
temperature. 


Diurnal Changes of Lightning 


Fig. 5 shows the diurnal changes of lightning, in 
which the number of lightning strokes is plotted as 
ordinate against the corresponding time of day as 
abscissa. 

As shown in the figure, lightning strokes are most 
frequent, irrespective of objectives, between 3:00 p.m. 
and 6:00 p.m., amounting to 40 per cent of the total, 
and are next in order of frequency between noon and 
3:00 p.m. and between 6:00 p.m. and 9:00 p.m., 
amounting to 22 per cent and 14 per cent respec- 
tively. 


Surrounding Conditioms of Objectives Attacked by 

Lightning 

Table II shows the surrounding conditions of 
objectives attacked by lightning, classified according 
to structures, farms, fields, woods and meres around 
the buildings, trees, and open spaces which were 
struck by lightning. 

As shown in the table, buildings are struck most 
frequently when surrounded by farms, amounting 
to 58 per cent of the total lightning strokes on build- 
ings, which is equivalent to 24.4 per cent of the total 
lightning strokes. 

Table III shows the lightning liability of different 
kinds of soils around the objectives. 
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Humus or loam soils seem to be the most liable to 
attract lightning strokes to the various objects located 
on them, amounting to 82.6 per cent of the total, and 
sandy or dry soils such as are found within cities being 
the least liable. Swamps or waters are actually very 
infrequent in Japan compared to other kinds of sur- 
roundings, and naturally give least cases of lightning 
strokes in the table. 


Fig. 3. Relief Map Showing the Paths of Electrical Storms 
in the Kwanto District of Japan 


TABLE II 


BUILDINGS TREES PLAIN EARTH TOTAL 
Surrounding Conditions 
pd Percentage eo Percentage oo Percentage cae Percentage 
Structures............... 312 30.2 80 7.4 12 3.2 404 16.2 
Farms rn as 593 58.0 354 32.7 318 86.2 1265 50.6 
O nananahanan 23 2.2 84 7.8 28 7.6 135 5.4 
Woods. oie we bale ee aks 103 9.8 559 51.7 8 2.2 670 26.8 
Meres...........o.o..... 19 1.8 4 0.4 3 0.8 26 1.0 
Total 1050 100.0 1081 100.0 369 100.0 | 2500 100.0 
TABLE III 
ee OBJECTS STRUCK ee 
BUILDINGS TREES PLAIN EARTH TOTAL 
Nature of Soil 
pe Percentage pee Percentage poe Percentage coe Percentage 
Sandy soils.............. 116 11.2 132 12.2 18 4.8 266 10.6 
Humous, loams.......... 889 84.5 930 85.0 245 66.5 2064 82.6 
Swamps or waters........ 45 4.3 19 1.8 106 28.7 170 6.8 
POCA os 5460 Sea oe ee 1050 100.0 1081 100.0 369 100.0 2500 100.0 


OBJECTS STRUCK 


LIGHTNING SURVEY IN JAPAN 


Efficacy of Lightning Rods 

No more than 39 cases of lightning strokes have 
been recorded as regards the efficacy of lightning 
rods. 

Moreover, lightning rods are not always most 
effectively installed and may not be compared with 
one another without assumptions. It is recognized, 
however, that the single cone theory of lightning 
rod protection is holding true in many cases, although 
several exceptions have been noted. 


Statistical Considerations of Lightning Damage 

The several kinds of damage caused by lightning 
strokes may be classified according to lightning 
fires Mlightning destructions, lightning breakages and 
injuries to persons and cattle. 


strokes 
& 8 


Lightning 


Percentage of Total 
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Fires under the headings of trees and open ground 
are those set on combustibles around the object 
struck. It is remarkable that lightning fires are set 
at the rate of 17 per cent of the total lightning strokes, 
which corresponds to more than 30 per cent of 
lightning strokes on buildings only. 


Strokes 
8 


Percentage of Total Lightning 


Fig. 5. Diurnal Variation of Lightning Strokes 


Lightning Fires 

It is interesting to classify lightning fires in houses 
according to the roof constructions. 

Table V will show the fire liability of several kinds 
of roofs. 


3 53537 
T $c SERRE a TABLE V 
El 2 Pere Pagssy § e 
3 *?21i332%323538 , FIRES 
Seasons Kinds of Roofs Bumn o 
trokes No. of Percentage 
Fig. 4. Seasonal Variation of Lightning Strokes Cases 
Tiled roofs............. 170 45 26.4 
e ) Thatched roofs......... 304 235 77.4 
Damage to Objectives Caused by Lightning Strokes Wooden roofs.......... 31 12 38.7 
i ; ; Metal roofs............ 23 5 21.7 
Table IV shows the several kinds of lightning  Uncertain............. 127 78 61.5 
damage to buildings, trees and open ground listed Total............... 655 375 57.3 
according to the classification mentioned above. 
TABLE IV 
OBJECTS STRUCK o 
BUILDINGS TREES OPEN GROUND TOTAL 
Damage 
oe Percentage ees Percentage poo Percentage noc Percentage 
Firessa oami Ppa hh ns 336 32.0 61 6.0 24 6.5 419 17.0 
Destruction.............. 195 18.5 553 51.0 133 36.0 877 35.0 
Breakage................ 519 49.5 467 43.0 212 97.5 1204 48.0 
Total eeraa o id 1050 100.0 1081 100.0 369 100.0 2500 100.0 
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It is notable that the fire liability of houses with 
thatched roofs is the most, amounting to 77.4 per cent 
of the total, that is to say, fires result in most cases 
of lightning strokes on such houses, and it is plainly 
shown that combustible roofs are more liable to be 
set on fire than other kinds of roofs. 

Most lightning fires of houses are caused by direct 
hits, Table VI showing the details: 


TABLE VI 


LIGHTNING FIRES ON HOUSES 


Causes of Fires No. of Percentade 
Direct lightning strokes on houses.. . 284 92.8 
Fires set on houses by lightning 
strokes on trees near-by......... y 16 5.2 
Fires set on houses through electric 
WIP dat 6 - 2.0 
A A Sarre is 306 100.0 


It is advisable to guard against lightning fires, 
therefore houses together with trees and tall struc- 
tures near-by should be equipped with lightning rods, 
and electric wires coming into houses should be 
equipped with efficient lightning arresters. 


Injuries to Persons and Cattle 


Table VII shows cases of injured persons and cattle 
classified according to the causes of the injury. 


TABLE VII 


LIGHTNING INJURIES 


Causes of Injury | No. of No. of 

Cases Injuries 
Direct lightning strokes............. | 53 71 
Lightning strokes over electric wires.. | 7 120 
Lightning strokes on houses.......... | 140 205 
Lightning strokes on trees........... | 57 76 
| 472 


A aierkat Sone | 322 
Average number of injuries per case of lightning, 1.46. 


Table VIII shows the injuries due to lightning inside 
houses classified according to the places where they 
have happened. 


TABLE VIII 


INJURIES INSIDE HOUSES 


Location of Injured Persons No. of 


Injuring No. of 

Lightning Injuries . 

Strokes 

Sitting Near at wiresS........... 59 94 
Rooms ar Wals arado dices 25 53 
Uncertain................. 4 7 
Bath rooms and kitchens............ 15 20 
Under the eaves.................... 13 17 
Unfloored rooms.................... 3 3 
UNC uo a aa tc 78 92 
Total. is da en Bek 197 286 


Average injuries per lightning stroke, 1.45. 
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Lightning Strokes on Trees 


Table IX is the record of species of trees attacked 
by lightning. 


TABLE IX 

Cryptomerias........ 380 Zerkowa serrata...... 10 
PING: 265 al 350 Camphor............ 9 
Persimmon.......... 32  Bamboo............. 
Paulownia........... 16 Quercus glandulifera .. 8 
Abies firma.......... 16 o ace erani 
apane cypress..... e E o E ae 6 

Ul DELRY = 5 bee coined 12 Chestnut............ 6 
Maiden-hair......... 11 


While the table shows that lightning strokes on 
pine and cryptomerias are most frequent, it must 
be noted that the records will furnish little basis for 
the comparison of lightning liabilities of different 
species of trees, unless the comparative number of 
trees is known. 


Conclusion 

1. Lightning storms generally have definite courses 
of progress, depending on the local topographic 
conditions and atmospheric conditions. They are 
mostly initiated amongst high mountainous dis- 
tricts and come down gradually to the flat fields 
along valleys. 


2. More than 40 per cent of the total lightning 
strokes occur in August and the least number in 
winter. 

This seasonal change resembles that of humidity 
and the temperature of the atmosphere. 

3. Lightning occurs mostly in the evening, espe- 
cially (40 per cent) between 3:00 p.m. and 6:00 p.m., 
and almost never around midnight. 


4. The nature of the soil has some bearing on 
frequency of lightning strokes. Moist, conductive 
soils are seemingly much more hable to lightning 
strokes as compared to dry soils. 


5. Fire liability of houses by lightning is about 
57 per cent, of which those houses with thatched 
roofs usually result in fires at the rate of 77.5 per 
cent. 


6. Cases of injury to persons and cattle amount to 
about 13 per cent of the total lightning strokes. 
Persons are injured at the rate of 1.5 person for each 
injuring stroke. 

7. Provision should be made to guard houses, 
electric wires, etc., against lightning attacks according 
to the local conditions. 

The writer’s hearty thanks are due Messrs. K. 
Kasai and H. Takagishi of our laboratory, who 
have assisted him not a little in preparing this 


paper. 
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A Simplified Method of Calculating Transients 
in Parallel Circuits 


No Calculus Required — Description of Principle Involved — Accounts for Mutual Inductance— 
Similarity to A-c. Vector Analysis — Four Typical Problems Solved 


By B. S. CAIN 
Railway Locomotive Engineering Division, General Electric Company 


HEN considering tran- 
WW sient electrical phenom- 

ena, it is usual to sep- 
arate them into ‘‘permanent’’ and 
“transient” parts. The first are 
the steady values calculated by 
the usual methods for stationary 
conditions. The second can fre- 
quently be represented by func- 
tions of the general form 


are usually 


Ae T 
where t is the time, A is the initial 
value of the transient when t=0, 
and T is the time constant of the 
transient, or the time required for its decrease to 
1/2.718 of its initial value. The purpose of this 
article is to show how the methods of calculating 
transient terms may be simplified, so that they 
are at least as simple as the method of calculating 
alternating currents by means of complex quan- 
tities. (2 

The examples that will be given refer to tran- 
sients in direct-current circuits, but the methods 
are equally applicable to alternating-current cir- 
cuits without appreciably increased difficulty, as will 
be shown. 


Method of Calculation 

The determination of transient currents and 
voltages in a network of circuits due to a sudden 
change in the conditions, such as switching, is a 
problem which can be solved by the use of differential 
equations, as is done in various, text-books. 9 How- 
ever, this method is apt to be slow and very cumber- 
some, particularly where a numerical answer 1s 
desired without solving for values in general terms. It 
will now be shown how the equations of transients ina 
network may be solved without the use of the calculus 
and with only very little more trouble than is required 
to find the steady state distribution of direct-current 
in the system of circuits. 

The principle of the method may be illustrated by 
comparing the typical transient with the typical 


(1) The denominator of this fraction is the base of the natural or 
Napierian system of Logarithms. 

(1) "Alternating-Current Phenomena,” by C. P. Steinmetz. 

(3) Por example, in ‘Electric Transients,” by C. P. Steinmetz. 


Not until attention was di- 
rected to the study of transient 
phenomena by measurement and 
mathematical analysis did the art 
of applying electricity enter upon 
its larger sphere of service. The 


problems which transients present 
intricate and are 
always with us for which reasons a 
L simplified method for calculating 
any of them is of distinct value. 


alternating current in a circuit 
of resistance r and reactance x 
at the standard frequency 
(which will be taken here as 60 
cycles). 

The simple transient in a direct- 
current system is of the form 


t 
t=Age T 
where T is the time-constant of 
the transient. 
The steady state alternating 
current may be expressed as 


1= AÁ; (cos 2r ft +j sin 27 ft) 


— EDITOR 


where f is the frequency of the alternating current. 
By a well known theorem: 


cos 2r ft+j sin 2r ft=e??*4 


Hence the transient has the same form as an alter- 
nating current in the same circuit, if 


E ; si 
¡X2w* f is written for— 7 


e s ] 
or fis written for 
f 2rT 


This indicates the result, which is capable of rigid 
proof, that a transient current behaves just like an 


alternating current of imaginary frequency 3 : T 
T 


In the following discussion the notation of Steinmetz 
will be used, in which the time £ is replaced by 0 where 
6=2xt times an arbitrary frequency (60 cycles), 


l 1 
and T is replaced by a where -=2zT times the same 
a 


arbitrary frequency. Sixty cycles is chosen as a 
standard frequency so that standard values of react- 
ance and capacitance can be used in numerical 
calculation. 

The alternating-current impedance of a circuit of 
resistance r, reactance x, and capacitance y (all at 60 
cycles) is 

Zac=1t] (x-y) 


x=2r fL and jac 


h 
PERR 2rfC 
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_ Hence the impedance of the same circuit to a tran- 
sient of time constant T is: 


; 1 
ma, JI A 
Zr=r+; Be L 2r J ye | 


2 T 
_ _2xfL _2xfT 
2xrfT 2xfC 
pot (1) 
a 


which is no longer complex but a real number. 
The transient components of current in any network 
can be calculated according to Kirchhoff as follows: 


(a) The sum of all the currents which arrive at — 


any junction point is zero, (t. e., electricity does 
not accumulate at joints). 

The sum of the transient voltages taken round 
any closed circuit is zero. 

From the second law, the voltage in any branch of 
the network is obtained by multiplying the transient 
current by the transient impedance as given in 


(b) 


1 
formula (1), in which a is the radian angle turned 


through by a vector rotating at 60 r.p.s. in a time 
equal to the time constant of the transient. 


1500 Volts D.C. 


Fig. 1. Elementary Diagram of a Circuit Including a Load, a Divided 
Path Through a High-speed Circuit Breaker (having discriminat- 
ing characteristics), and a Short Circuit 


The use of formula (1) will now be illustrated by 
application to the high-speed circuit breaker that is 
employed in protecting railway feeder networks.'“ 
The discriminating characteristics of this type of 
breaker, which make it invaluable in this service, are 
determined by the electrical constants of the external 
circuit in combination with the constants of two inter- 
nal circuits, Fig. 1. One of these latter is used to trip 
the breaker magnetically and has fixed constants. The 
other, in shunt around it, has adjustable constants, 
although always considerably greater inductance. 

To =0.305 ohms 
Xo = (7.8 millihenries) 

= 2.94 ohms at 60 cycles. 
rı=38 X10 ohms 
xı = (0.228 X 10— henries) 
~ =86 XX 10 ohms. 

r2=19X10- ohms 
Breaker Shunt | x2= (1.12 10-* henries) 
| =422X10- ohms. 


(*) The High-speed Circuit Breaker in Railway Feeder Networks,” by 
J. W. McNairy, GENERAL ELECTRIC REVIEW, July, 1926, p. 490. 


External Circuit 


Breaker Trip Coil 
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When a short circuit occurs at S, the main current 
is determined by r, and x, since the impedance of the 
breaker is small, 


0.305 
= 4920 (1—e-9-10) where0=2w X 60 Xt. 
I,=1640, I,2=3280 


A 1 0.305 
EE (1-- za" ) 


— 


F 
g 
A 
B 
s 


Seconds 


Curves Showing the Relative Division of Transient Currents 
Through a High-speed Breaker Under the Conditions 
Represented in Fig. 1 


Fig. 2. 


Then in the breaker, 
Zrı=rı—axı = (38 — 86a) X 10 
Z12=fr:— ax: = (19 -422a) X107* 
Zm+Zm=(57—508a)X 10-4 
. Zr : pa Zr, 
ir = (z) ir, +1, ir: = (iz n) ir. —1 


and 1 (Z7,+2Z7,) =0. 


Therefore, for the transient 1, (Zr,+Zr,)=0 or 
Lene ey) 
508 


a 0.112 0.104 
Za 28.35 X 1078 29.11 X107 
Zn | —28.35x10% | —24.81x10- 
Zntin | 0 | 4.3x107 
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Therefore, the trip-coil current is 


24. 
1640+4920 (=) e 70-1040 4 4 0.1128 


=1640+28,400 e7 910% — 30,400 e79-112 
since the current is zero when 0=0. 
For maximum trip-coil current, 


28,400 X0.104e 791% — 30,040 X0.112e 7?!” =0 
, -00080 _ 30,040x0.112 
28,400 X 0.104 


0=13.05 and t=0.035 second. 


= 1.139. 


Therefore 
And 
maximum current = 1640 — 7320 — 6990 = 1970 amp. 


The main-circuit current, fọ and the trip-coil 
current 1; are shown in Fig. 2. It is evident that the 
trip-coil current rises very rapidly, producing a quick 


O A x 
A 


Fig. 3. Representation of a Stationary Vector Coincident 
with a Base Line 


j2TfOA 


A 


0 | A 


Fig. 4. A Rotating Vector of Constant Length 


trip of the breaker, and also that there is a range of 
settings for which the breaker will trip on short- 
circuit but not on a more gradually rising load. In 
this example, if the breaker were set to trip with 
1970 amp. in the trip coil, it would carry a steady load 
up to 5910 amp.; but on short-circuit, even under 
conditions in which the current could not rise above 
4920 amp., the breaker would trip when the rising 
current reached 3700 amp., or less than 63 per cent of 
the setting. This discriminating characteristic has 
been considerably employed in machine and feeder 
protection. 


Mutual Inductance | 

The effect of mutual inductance between the various 
branches of a system can be taken into account very 
simply in the following way. The counter e.m.f. in 
conductor 1 due to its self-inductance is: 


which is represented in our method by 


— axt,, (x=2r X60L) 


.) 
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Similarly, since the counter e.m.f. due to mutual 
inductance M between conductors 1 and 2 is 


this may be represented by 


— amt, (m=2rX 60M). 


This is in accordance with the general method of 
replacing inductive voltages by “resistance drops.” 
Instead of the current f: inducing a voltage in con- 
ductor 1, it is supposed to produce a resistance drop in 
circuit 7 corresponding to a resistance of — am. 

The application of these methods to various net- 
works will be illustrated by a number of examples, in 
each of which the method of calculation is outlined. 


General Discussion of Method 

Owing to the general use of vector representation 
for alternating current, it is of interest to see how the 
method of calculation described in this article can be 
deduced from vector diagrams of alternating current. 

In Fig. 3, let OX be the base line along which the 
projections of vectors are measured. Then OA, a . 
stationary vector of constant length, will represent a 
direct current OA. In order to represent an alter- 
nating current of maximum value OA and frequency f, 
the point A is given a velocity 2r XfXOA in a direc- 


jx (j2 1 FOA) 
0 O - 


Fig. 5. A Vector of Diminishing Length 


tion at right angles to OA; or in the usual notation in 
which rotation through a right angle is represented 
by j, the point A is given a velocity ¡x2r XfXOA, as 
shown in Fig. 4. 

Since the velocity of A is always at right angles to 
OA, the length OA will remain unaltered and the 
vector will revolve around O with frequency f. Now if 
the speed of A is still 2rf04 but its direction is 
again carried through a right angle, Fig. 5, A will 
move back along AO at a speed gradually diminishing 
as OA diminishes according to the law 


OA = (initial value of OA) Xe7?™. 
Thus the vector OA will now represent a transient of 


the time constant dom F 

Hence transient currents. and voltages can > e 
represented by vectors in exactly the same way as 
can alternating currents, except that the angular 
velocity of the alternating-current vector is turned 
through a right angle, leaving all currents, with their 
rates of change, resistance drops, induced voltages, 
etc., to be represented by vectors in a single line and 
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therefore capable of being added and subtracted 
numerically just like direct currents. It thus appears 
that a vector of constant length rotating round a 
point with imaginary frequency must be interpreted 
as shrinking exponentially toward the point without 
change of direction, the relation between time-constant 


and frequency being f=——. This is in harmony 


J 

ST" 
with the usual pda of j as rotation through 
a right angle, so that ¡?= — 1. 

Evidently, cases may occur in which the vector 
hoth rotates and shrinks, so that its angular velocity 
1s a complex number and the transient is of the general 
form Ae” cos (w0+ e). 

Such a case occurs in Example II and it is there 
shown that no modification of the general method is 
required to cover oscillatory transients, the only 
difference being that complex numbers occur in the 
solution. If it is wished to represent such a transient 
symbolically, a similar procedure may be followed. 
Thus, if the typical alternating current is 


Cos wt+j sin wt =e“ 


bo. 
the typical transient will be e” 7 e“ 
ae (+2) t 
which may be looked upon as an alternating current of 


angular velocity ah Thus the impedance of a cir- 


cuit of resistance r, inductance L and capacity C 
will be 


l 1 
ae j T N 
Z=r+} [(++2) L= (+1) A] 
T 
=T ro(w+4) A li ~o(«+4) 
| T? T? 


which corresponds to the standard alternating-current 


formula Z =r +} (u1-2) and can be used in the 
Ww 
same way. 


Example I 


Application of the Method to a Typical Divided Circuit 

with Resistance and Reactance in Each Branch 

In the divided direct-current circuit shown in 
Fig. 6, assume the impressed potential to be suddenly 
reduced from 600 to 540 volts. The current before the 
change is 24 amp. and the final current is 21.6 amp., 
hence the initial value of the transient current is 
2.4 amp. Since line voltage is assumed to be constant 
after the sudden reduction takes place, there is 
therefore no transient voltage between P and S. But 
since the transient voltage is the product of transient 
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current and transient impedance, the latter must be 
zero if the product is to be zero. Hence: 

Transient impedance of circuit P S=0 


Zr X Zr, 
Zr tr, 


Z7,27,+2rZ7],+Z7.Zr,=0 


or, substituting Z =r— ax, 


Zrt =0 


a? (xo Kit X1 Xo+ Xe Xo) 
—a [ro (xı +x) +11 (xe+%0) +2 (xo+%1)] 
+ (romtn ret+re ro) =0 
1920 a?— 45,964 a+25,024=0 
a=0.557 or 23.343. 


—— 600 volts Q.C. 


Fig. 6. A Divided Circuit Having the Following Constants: 


xo= 4 ohms (at 60 cycles) 
xı = 40 ohms (at 60 cycles) 
xs = 40 ohms (at 60 cycles) 


ro = 24 ohms 
yy = 1000 ohms 
r=] ohm 


For the first value of a, 
Zo=r0— axo = 24 — 0.557 X4= 21.77 
and similarly Z, = 977.7, and Z: = — 21.28. 
For the second value of a, 
Zo = 24 — 24.343 X4 = — 73.37 
Z, = 26.28, and Z= — 972.7. 
Now the transient currents are: 
ip = Age 055704 Boe 23-348 
ip = Aye 95784. py 23-348 
iy, = Age 955794 Bye 23-348 
Hence, taking the beginning of the transient, when 


0=0 
Ao + Bo = 2.4 (2) 


Ai + B, = 0.0024 (3) 


also, since îr, Zo +17, Z1=0 
Ao X 21.77 = — A, X 977.7 


Bo X 73.837= By, X 26.28. 
Substituting these in equation (3), 
AoX 22.3 — BoX 2786 = — 2.4 (4) 
and from equations (2) and (4) 
Ap = 2.38 B= 0.02 
whence A= — 0.0530 B,=0.0554 


and the total currents, steady plus transient, are: 


ip = 21.64-2.38 e7 9°97 4.0.02 229-348 
i = 0.0216 — 0.0530 e7 %%7%4-0.0554 e 930 
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Example II 

A case with capacitance in one of the circuits, for 
which the transient is oscillatory. 

In the divided direct-current circuit shown in 
Fig. 7 assume the impressed potential to drop from 
110 to 99 volts, or 10 per cent. The current then 
decreases the same percentage, or from 10 to 9 amp. 
so that the initial value of the transient 77, is 1 amp. 
As in Example I, there is no transient voltage across 
the whole circuit after the sudden drop, so that the 
total transient impedance is zero. 


(rı— axı) (r2—ax2) + (r2— axe) ( — 2) 


+(-2) (r,—ax;)=0 
a 


— 0.20 a?+ 1.11 a—0.11=0 
a=0.1 or 0.05 1.047 7. 


110 Volts D.C. 


Fig. 7. A Divided Circuit Having the Following Constants: 


r= 1 ohm x= 10 ohms (at 60 cycles) 


r:=10 ohms x: = 100 ohms (at 69 cycles) 
y= 10 ohms (at 60 cycles) 


The transient impedances for the three values of 
a, are thus: 


a | 0.1 |0.05+1.047 j 0.05 — 1.047 j 
. 1 . 1 
Zn | 0 |(5—104.7 7) x (5) (5 +104.7 j) x (5) 
zr} 0  |5—104.7 j 5X 104.7 j 


Zr. | —100 (5104.7 j) x (> (5+104.7 j) x (37) 


If the current in any branch is taken as 


Ae~°!8 + Be” 0: 8+ 1.047 j0 + Go 0030 1.047 50 


the initial conditions give: 


Ai=1 Bi= 0.043457 C,=—0.04345 7 
A,=0 B,= 0.0478 j C,=—0.04780 j 


Hence the transient component of current in 
branch 2 is 


e7%1% 4 0.0087 e7 9% sin 1.047 9, 
that in branch 1 is 
e7 0% — 0.0869 e7 0%? sin 1.047 9, 
while the condenser current is 
— 0.0956 e %%2 sin 1.047 6. 


This example shows how the method applies to 
oscillatory transients. 
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Example III 
The Effect of Mutual Inductance 


Two parallel circuits of resistances r,, ra, reactance 
“1, Xe, and mutual reactance m, are suddenly placed 
across a constant voltage E. 


Then the permanent currents are: 


l,= = ee a f= E (n+1) 
r 


Ye 71 72 
For the transients: 


11 (rı— axı) — lo ma=0 
19 (r2— 


(rı— axı) (r2— 


4x2) —1, ma=0 
ax2) = m a?. 
Take for example 
r,=r2=10 ohms 
x1=x2=4 ohms 
e=600 volts, m=1 ohm. 


If the circuits had no mutual inductance, the cur- 
rent in each would be 60 (1—e7*%%%), and the total 
current 120 (1—e7?59), 


Taking the mutual inductance into account: 
15a? — 80a + 100 = 0 
a = 34 or 2 
For the first value 
z =r —ax 
10 — 134% 
= — 31g ohms ma=31% ohms 
For the second 
z=10-8 
= 2 ohms ma=2 ohms 
i = Aye 388 + Bye” 2° 
is = Age 9 4 Bao 28 
A, + Bı = 60, Ae + B: = 60 
A, =— Ag, B, = Ba 
Therefore A= A2=0, B, = B.=60 
11=12=60 e” ?? 


and the total current is 120 (1—e”*?), 


and 


Example IV 
Complete Solution of the Transients in a Railway 
Network 


Consider a single-track railroad having trolley wire 
and feeder with the following constants: 


Resistance of feeders 
i “ trolley 


e 6 


=7,=0.07 ohms/mile 
=r,=0.10 “ ý 
each rail=r,=0.05 “ il 
el eS reactance of feeder = X,=0.8 ohms/mile 
“ trolley=X,=0.8 “ dá 
E dy pe “rail =X,=08. “ j 
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Sixty-cycle mutual reactance between feeder and 

trolley 
= my, = 0.3 ohms/mile. 

Sixty-cycle mutual reactance between feeder and rail 
= my,,=0.1 ohms/mile. 

Sixty-cycle mutual reactance between trolley and rail 
=m, =0.01 ohms/mile 

Sixty-cycle mutual reactance between rails 
=m,,=0.2 ohms/mile. 

Let feeder current =1; 

trolley current =2, 

each rail current =1, 


Then i, + i, = 2i. 


—24m.— =De — 5m: 


N 


Fig. 8. Trolley and Feeder Connections Between 
Three Railway Substations 


E% —3m.—— 


Voltage drop in trolley = voltage drop in feeder 
1, (r, — axı) — iama + 2i am, 
= i; (rs— axs) — iam +21,amy,. 
Voltage drop in rail = 
1, (r, —ax,) —1,am,, tiam, tiam. 


Whence, substituting numerical values and solving 


peo (= soe.) 
1 7 NT —100a 


, , ( T= a) 
i, = 21, (| ———_ 
17—100a 


Total voltage drop in trolley and rail 


= 21, eS) 
17—100a 


Thus the equivalent transient resistance of the trol- 
1.125 — 24.25a+ 108) 


17 — 100a 

ohms per mile and a short-circuit at a distance l 
from a substation along a single track will produce 
two transient currents given by 


1.125 — 24.25 a+ 103 a?=0 
whence a= 0.1722 or 0.0634. 


ley, feeder, and rail system is ( 
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Now let the network be as in Fig. 8 where 4, 
B and C are 1500-volt substations and X is the 
point at which a short-circuit takes place. 


Resistance from 
A to X = 3.4 miles of single track 
B to X by D=85 “ “ “ pe 


BtoXbyE=833 “ “ “o 6“ 
C to X =— 6.5 4 44 64 té 


The actual resistance of the distribution system is 


TfT, 1 : 
——+-r,=0.066 oh l 
nen a ohms/mile 
Therefore R,y=0.244 ohms 
Rx =0.278 “ 
Rex = 0.429 j 
and the final values of current are: 
I, =6700 amp. 
Is = 5400 $ 
Ic =3500 “ 
Consider first the current from substation 4. 
I, =6700 amp. 
Feeder current = 3940 amp. 
Trolley ‘ =2760 “ 
Transient impedance of feeder =0.0083 or 0.0096 
ohms/mile 
Transient impedance of trolley =0.0077 or 0.0172 
ohms/mile 


Let i= Aye O19 + Bie 0.0658 
and 1,=Ag IS gee 
Then AJF B; = 3940 


A,+ B, =2760 

As 0.0077 OE 
Aj — 0.0083 
B, 0.0172 

a MONS O 

B, 0.0096 


Whence A;= — 342, B,- 4282 
A,=368, B, = 2392 
Therefore the current from substation A is 


6700 — 26 7:172? — 6674 —°-°°9° 


The other currents may be calculated similarly. 
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Measurement of Surge Voltages on Transmission 
Lines Due to Lightning’ 


History of Lichtenberg Figures— Application to Measuring Transmission Line Surges—Determination 
of Polarity, Magnitude of Voltage, and Wave Shape—Results Fulfil Practical Purposes— 
Combination of Directly and Oppositely Connected Recorders—Service 

Applications—Analysis of Typical Records 


By EVERETT S. LEE and C. M. FOUST 
General Engineering Laboratory, General Electric Company 


HE results of continued 
recent study and use of the 
photographic Lichtenberg 
figures as a means of measuring 
voltages of short duration, of the 
order of microseconds,’ and par- 
ticularly surge voltages on trans- 
mission lines due to lightning, 
are creating a confidence in these 
figures which is gratifying both 
to the engineer who is called upon 
to make such measurements and to 
the engineer who uses the results 
in design and application. It was 
in 1777 that Dr. G. C. Lichten- 
berg“ first described the figures 
made in sulphur dust by means 
of a charged electrode. In 1888, 
Trouvelet © and Brown “) showed that the same fig- 
ures could be produced on a photographicplate. Several 
investigators “) have sincedevoted much time to study- 
ing the nature of these figures although at the present 
time their exact mechanism is still an uncertainty. 
But it remained for J. F. Peters® in 1924 to 
suggest the application of these figures to the measure- 
ment of surge voltages and based on this application 
he developed a suitable instrument which he called 
the Klydonograph. In June, 1925, Cox and Legg ©) 
gave the results of field tests with this instrument and 
described extended developments in the instrument 
design. In September, 1926, K. B. McEachron“) made 
public the results of a detailed study of the calibration 
of the photographic Lichtenberg figures using the 
Dufour Cathode Ray Oscillograph as the means for 
determining with certainty the wave shape of the 
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The investigation of natural 
phenomena in the field is vastly 
more difficult than corresponding 
research conducted with arti- 
ficial equivalent in the labora- 
tory. The field determination of 
lightning surge voltages in trans- 


mission lines presents a partic- 
ularly difficult problem because 
the transient may last for only 
millionths of a second and may 


take place most 
However, a suitable instrument 
and technique have been devel- 


impressed voltage. Thus, the dis- 
covery of 150 years has recently 
been applied to advantage. 

To the work previously de- 
scribed, this article contributes 
additional correlative data, de- 
scribes an extension of instrument 
design, and shows that the art 
has advanced to a stage where 
transmission-line surge voltages 
of the order of 2,000,000 volts 
may be recorded with a reasonable 
unexpectedly. degree of accuracy. 

General 

As now used the klydonograph 

or surge-voltage recorder con- 

sists of an electrode bearing 
upon the emulsion side of a photographic film or 
plate which rests on the smooth surface of a 
piece of homogenous insulating material, as shown 
in Fig. 1. If the electrode is connected to the line 
side of a circuit, and the insulation connected to 
the ground side through a metal plate, and a posi- 
tive surge voltage of say 20 kv. maximum is impressed 
from line to ground, a positive figure, as shown in 
Fig. 2, will be found on the photographic film after 
development. If with the same connections a nega- 
tive surge voltage of say 20 kv. maximum is im- 
pressed from line to ground, a negative figure, as 
shown in Fig. 2, will be found. 

It has been discovered that figures will be produced 
even though the time duration of the impressed 
voltage is only a fraction of a microsecond. Also that 
the size (radius) of the figure is a function of the 
magnitude of the maximum value of the impressed 
voltage, while the shape and configuration of the 
figure is a function of the wave shape of the impressed 
voltage. The problem of the instrument engineer 
therefore becomes one of deciphering the figures in 
terms of voltage and wave shape. 


Magnitude of Voltage 

The calibration of Lichtenberg figures for a given 
instrument to determine magnitude of voltage is 
obtained by impressing voltages of different values and 
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observing the size of the resulting figures. This can 
be done for as wide a range of wave shapes as are 
available. 

Table I and Fig. 3 give results of the authors' 
calibrations obtained on a film-type instrument with 
varnished paper insulation and a spherically rounded 
brass electrode 1% in. in diameter. The wave shapes 


S 
Insulating 


Material Film 


Metal 


= +— Ground 


Fig. 1. Arrangement of Elements in a Directly-connected Recorder 


for Producing Photographic Lichtenberg Figures 


varied from one-half cycle of a sine wave at 60 cycles 
(wave shape No. 1), to surge voltages rising to their 
maximum value in 2 microseconds (wave shape 


CALIBRATION OF POSITIVE PHOTOGRAPHIC 
LICHTENBERG FIGURES 


TABLE 1 
Average De- Maximum 
Kéle volts Im- Number Positive Fig- |viation from Deviation 
pressed (Max. O ures, Average | Mean. Per from ean. 
Values) Figures Radius mm. | Cent Plus Per Cent Pius 
and Minus and Minus 


60-CYCLE WAVE SHAPE— WAVE SHAPE No. 1 


5 35 10.3 12 45 
10 34 19.0 5 16 
15 36 24.3 5 15 
20 | 36 30.2 8 37 
( 12 Disre- 
: garding Slips 
24 31 35.6 5 oe Reece, 
ing Slips 
2-MICROSECOND WAVE FRONT—WAVE SHAPE No. 2 
4 29 10.6 9 25 
7.2 39 11.9 22 60 
10 36 16.3 10 35 
16.6 36 22.8 10 26° 
23.2 36 30.4 5.5 19 
27.6 37 40.3 14 26 
4-MICROSECOND WAVE FRONT—WAVE SHAPE No.3 
5.95 36 11.8 12 41 
10.75 35 18.3 6.5 20 
16.7 36 25.3 5.3 15 
25.6 | 36 36.4 6.2 24 
AVERAGE DEVIATION FOR ALL OF ABOVE WAVE SHAPES 
5 100 13.7 32 
10 105 8.5 31 
15 108 7.2 28 
25 104 10.2 33 
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No. 2), and in 4 microseconds (wave shape No. 3). 
The surge voltages were impressed from sections of a 
500-kv. rectifying-type lightning generator, the circuit 
for wave shape No. 2 being as shown in Fig. 4 and 
for wave shape No. 3 as shown in Fig. 5. The wave 
shapes were determined by the Dufour Cathode Ray 
Oscillograph. Wave shape No. 2 is shown in Fig. 
6 and wave shape No. 3 in Fig. 7. 

When calibrating the surge-voltage recorder or 
when photographing the wave shapes with the cathode 
ray oscillograph, these instruments were connected 
between ground and the various voltage taps as 
shown in Figs. 4 and 5. The magnitude of the voltage 
was measured by a sphere spark gap similarly con- 
nected. 

Fig. 8 shows a set of positive and negative figures for 
5, 10, 15 and 20 kv. taken with wave shape No. 2. 
It is from such figures as these that the calibration 
curves are obtained. The radius of a positive figure is 
measured from the figure center to the most distant 
streamer tip. 

Referring to Table I, it is seen that the average 
deviation from the mean for 100 figures resulting from 
the three wave shapes investigated at the different 


<— (Neg) Voltage (Pos) — 


| | 


A Positive Sur A Negative Surge 
uces a Positive Produces a Negative 
Figure Figure 


EN a 


Fig. 2. Appearance of Positive and Negative Lichtenberg Figures as 
Produced with a Directly-connected Recorder by Positive 
and Negative Surge Voltages of the Same Magnitude 
and Wave Shape 


voltages is within= 15 per cent, while the maximum 
deviation from the mean is of the order of + 30 per cent. 

These results are shown graphically in Fig. 3. For 
any voltage, all figures obtained in 100 tests were 
within the extreme limits as shown. These limits are 
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determined by one figure out of one hundred, and are 
quite outside of the values which may be reasonably 
expected from the average values shown. It appears 
that an accuracy of 25 per cent can be reasonably 
expected from any single test made with these 
figures. Where several figures of somewhat the same 
size are obtained under similar conditions, the agree- 
ment of these among themselves permits of a more 
exact interpretation. 

Cox and Legg in Fig. 39 of their paper“ show a 
calibration curve for an experimental model of a 
film-type klydonograph. The wave shapes impressed 
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Fig. 3. Calibration Curves for Surge-voltage Recorder 
Insulation—Varnished paper, 1% in. thick 
Electrode—Brass, Ys in. dia., rounded spherically 
Film —Eastman, No. 152 


Curve !— Wave shape No. 1 

Curve 2— Wave shape No. 2 

Curve 8—Wave shape No. 3 

Curve ¿— Average of data for curves 1, 2 and 3 

Curve 5$— Extreme limits of data for curves 1, 2 and 8. 


varied from 25- and 60-cycle alternating-current, 
sine wave, to a surge voltage which attained its 
maximum value in 5 microseconds, the latter surges 
being obtained from a given network and their shape 
determined by calculation. The magnitude of the 
voltage was determined by a sphere spark gap. 
McEachron in Fig. 7 of his paper” shows calibra- 
tion curves of Lichtenberg figures obtained with 
Eastman's super-speed portrait films, placed on a 
glass plate, and using a cylindrical brass electrode 
l cm. in diameter with square edges. The shape of the 
impressed voltage was determined by a Dufour 
cathode ray oscillograph and the magnitude by a 
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sphere spark gap. The range of wave shape was from a 
long wave wherein 22 minutes were required to reach 
a maximum value of 23 kv., to a short wave where the 
time to reach maximum value was 0.1 microsecond. 


Discharge Circuit 
+ Wave pe No.2 = 
20k. 20kv. 
+15 kv. +10kvw +5kv. =. —Skv. -JOkv. -15kw 
=-—Ground 


Fig. 4. Arrangement for Producing Wave Shape No. 2. The capacitors 
of the lightning generator discharge through the inductance and 
resistance in the external discharge circuit. The balance of the circuit 
constants with respect to the grounded point eliminates local 
oscillations. 


Lightning Generator 
Kilovolts 
Ground t5 tio ts £20 


Capacitors 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
_! 


Discharge Circult 
O Wave Shape No3 


Fig. 5. Arrangement for Producing Wave Shape No. 3. The capacitors 
of the lightning generator at the left discharge into capacitors at 
the right through the resistor in the external discharge circuit 


The results of the calibrations reported by Cox 
and Legg, and by McEachron, are shown combined 
with the authors' in Fig. 9. These results show remark- 
able agreement for the work of different observers in 
different laboratories with different instruments and 
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circuits, and give added weight and certainty to the 
calibration of the Lichtenberg figures with respect to 
magnitude of voltage. 


Wave Shape of Impressed Voltage 

In studying surge voltages, the wave shape as well 
as the magnitude is of importance, for on this depends 
the duration of the voltage. At the present time, the 
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Time in Microseconds 
Fig. 6. Upper—Cathode Ray Oscillogram of Wave Shape No. 2. 
Lower —Cathode Ray Oscillogram of Wave Shape No. 2 Tran- 
scribed to Rectangular Co-ordinates 
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shapes can be compared with figures recorded with 
known wave shapes as determined by the cathode ray 
oscillograph. This allows a prediction of the time 
duration to within a general order, but not with the 


mua E 
Down to zero at 
1000 Microseconds 


© 12 3 4 5 6 7 8 9 1 
Time in Microseconds 
Fig. 7. Upper—Cathode Ray Oscillogram of Wave Shape No. 3. 


Lower—Cathode Ray Oscillogram of Wave Shape No. 3 Tran- 
scribed to Rectangular Co-ordinates 


Fig. 8. Positive and Negative Figures for Different Voltages Taken with Wave Shape No. 2 


determination of the wave shape from the Lichtenberg 
figure characteristics is not as definite or as certain as 
the determination of the magnitude from the figure 
size and herein there is room for added study. At the 
present time the figures recorded with unknown wave 


exactness required. The work by McEachron in 
this regard, as shown in Fig. 5 of his paper, 
wherein he designates the figures as Type I,Type II, 
and Type III, is to be commended. Further study 
along these lines tending toward greater exactness 
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in the interpretation of figure characteristics is 
desirable. 


Directly and Oppositely Connected Recorders 

From Fig. 8 it is clearly evident that the negative 
figures are quite inferior to the positive figures for 
purposes of voltage measurement since for a given 
voltage they are less than half the size of the positive 
figure; also McEachron has shown ™ that the negative 
figures present a greater deviation for differing wave 
shapes. There is also another serious objection: when 
the instrument with a moving film is connected to a 
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Fig. 9. Calibration Curves of Surge-voltage Recorders 
for Positive Lichtenberg Figures 


Dotted¥Curve—Cox and , Fig. 39, referred to in footnote (6). 
Dash Curve—McEachron, Fig. 7, referred to in footnote (7). 
Full Curve—Authors', average curve Fig. 3 of this article. 


PI 


Fig. 10. Arrangement of Elements in an Oppositely-connected 
Recorder for Producing Photographic Lichtenberg Figures 
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results of directly connecting the recorder to the line 
are shown. However, if as in Fig. 10, the recorder is 
connected oppositely, that is, the electrode to ground 
and the metal plate to the line, the positive surge will 
record a negative figure and the negative surge will 
record a positive figure as in Fig. 11. 


-— (Neg) Voltage (Pos) —> 


| | 


A Positive Surge A Negative Su 
Produces aNegative Produces a Positive 
Figure Figure 


Fig. 11. Appearance of Negative and Positive Lichtenberg Figures 
as Produced with an Oppositely-connected Recorder by Posi- 
tive and Negative Surge Voltages of the Same Magni- 
tude and Wave Shape 


Oppositely Connected 
Recorder” 


Connected 
Recorder 


transmission line having normal voltage continuously 
impressed, the width of the band produced by the 
line voltage (see Figs. 14 and 15) is great enough to 
hide negative surges of values as high as 2.3 times 
normal line voltage and to give uncertainty to higher 
values. This would result in erroneous conclusions as 
to the number of negative surges recorded. 

To overcome these objections, C. M. Foust con- 
ceived the idea of connecting two recorders in parallel 
with the polarity connections of one opposite to those 
of the other, thus insuring a large positive figure for 
every surge. Referring again to Figs. 1 and 2, the 


Ground=>= 


Fig. 12. Arrangement of Recorder Elements for Producing Both 
Positive and Negative Figures for Surge Voltages of 
Either Polarity 


If an instrument is made up with two recorders, one 
connected directly and one connected oppositely, as 
shown in Fig. 12, then all surges, positive and negative, 
can be measured from the positive figure. In addition, 
oscillatory surges will be more clearly recorded, and 
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Fig. 13. Photographic Lichtenberg Figures Obtained with Two-recorder Type Instrument ¿A E de kei 
Fig. A—Positive surge Voltage, 20 kv. maximum. Fig. C—Oscillatory surge voltage, 20 kv., highly damped. . = 

Fig. B—Negative surge voltage, 20 kv. maximum. Fig. D—Oscillatory surge voltage, 20 kv., slightly damped. weary 
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Fig. 14. Figures Obtained with a Two-recorder Type Instrument, Showing Line Voltage Band the line voltage band. Its presence 
: 4: : . 6 : is indi l-size positive 
Fig. A—Positive surge voltage, 13 kv. maximum. Fig. B—Negative surge voltage, 14 kv. maximum. is indicated by the ful 
Fig. C—Positive surge Voltage, 17 kv. maximum. po Sa the oppositely-connected 
_ The circles are drawn with the figure center as the center, and with the circumference touching the most The line voltage band records a 
distant streamer tip. The radius of the circle is the measure of the magnitude of the voltage. 60-cycle service voltage of 3 kv. 
The line voltage band records a 60-cycle service voltage of 2.84 kv. maximum value. maximum value. 
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negative surges completely hidden by the line-voltage 
‘band will be distinctly shown as positive figures. 
These features are shown in Figs. 13, 14 and 15. 

Fig. 16 shows an instrument of the two-recorder 
type. It uses an Eastman film eight feet long and eight 
inches wide as standard with Cirkut outfits. A clock 
mechanism drives it at the rate of 4% in. per hour, and 
so gives a continuous record for 8 days. Timing is 
obtained by photographing the hour numbers on the 
film. 

This construction largely excludes polyphase instru- 
ments because of constructional difficulties, but the 
obvious advantages of having all figures available as 
positive figures is so great as to accept this condition. 
It is felt that the application of this idea represents a 
real extension of the use of Lichtenberg figures, and 
results already obtained in the field show its merits. 
For example, out of 103 surges measured on three 
different transmission systems, 31 were of positive 
polarity, 26 were of negative polarity, and 46 were 
oscillatory. 


Connection to Transmission Line 

The voltage range of the instrument shown in 
Fig. 16 is from 2.8 to 25 kv. maximum. Above 25 kv. 
maximum, so called “slips” occur in the figures as 
shown in Fig. 17 for which condition the calibration 
curves do not apply. The arcover of this instrument 
on a 2-microsecond wave, wave shape No. 2, Fig. 6, 
is 35 kv. maximum. Thus, some provision must be 
made for connecting the instrument to transmission 
lines up to values where the normal maximum voltage 
to ground is 180 kv. maximum for a 220 kv. 3-phase 
line, and where the maximum values of surges may 
be ten times this value. 

Cox and Legg) describe an electrostatic potentio- 
meter and antenna coupling. The authors have 
investigated and used insulator coupling. Of the 
various schemes proposed for such connection, that 
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Fig. 16. Surge-voltage Recorder of the Two-recorder Type 
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shown in Fig. 18 has been recently used in 27 installa- 
tions and has been found to be simple, reliable, and 
easy to calibrate. The instrument is connected in 
parallel across several insulators of an insulator string 
with added protection over the line insulation as 


Oppositely Connected 
Recorder 


Directly Connected 
Recorder 


Fig. 17. Photographic Lichtenberg Figures of a Positive Surge 
Voltage (33 kv. max.) which Exceeds the Instrument Range 

_ The black lines in the positive figure (lower) are commonly called 
‘'slips” and their presence indicates the figure to be of uncertain calibra- 
tion. However, such figures can be stated with certainty to be above a 
given voltage value depending upon the instrument design. . 

_ The negative figure (upper) though symmetrical and appearing to be 
suitable for voltage measurement is nevertheless not usable because of the 
great variation in figure size with wave shape. 


desired. The instrument is placed in a sheet metal 
housing equipped with a suitable entrance bushing 
and automatic device for grounding the outfit when 
the door is opened. This housing protects the 


Fig. 18. Arrangement for Connecting Surge-voltage 
Recorder to Transmission Line 
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instrument from the weather and insures safety 
against tampering. It also acts as an electrostatic 
shield to eliminate stray field effects. 

It is important to have the instrument connecting 
leads short, preferably not longer than five feet. 
From Fig. 19 it is seen that the figure size decreases 
considerably with a longer lead; and if the instrument 
is used with leads of different length than that with 
which it is calibrated, the resulting error is large. 


Adjustment of Insulator String Potentiometer 

The adjustment of the insulator string potentio- 
meter is made by adding a sufficient number of 
insulator units in series to the normal line insulators 
to give adequate protection, and to provide enough 
insulator units across which the surge voltage recorder 
instrument may be paralleled to obtain a satisfactory 
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Fig. 19. Calibration of Surge-voltage Recorder and Potentiometer 
to Show the Effect of the Length of Lead from the Instru- 
ment to the Potentiometer 


line voltage band. This procedure may be accomplished 
in the laboratory by impressing normal voltage at 
normal frequency across the entire insulator string 
with the surge-voltage recorder in position. 

Table II gives the number of insulators which have 
been used successfully in the insulator string for 
different line voltages. 

TABLE Il 
No. of Insulators | No. of Insulators 


in Instrument in Parallel with 
String Potentio- | Instrument (In- 


Line Voltage 


No. of Insulators 
Between Conduc- i 


in Line Insu- 


tors 3-phase Kv. lation meter cluded in Col. 3) 
66 4 9 2 
110 8 13 2 
140 10 15 2 
220 14 20 4 


Calibration of Insulator String Potentiometer 

The multiplying factor of the potentiometer can be 
calculated for normal voltage and frequency from the 
data obtained when adjusting the potentiometer 
string. For example, a 110-kv. line has a maximum 
value of voltage to ground of 90 kv. If the line-voltage 
band is 3 kv., then the potentiometer multiplying 
factor 1s 30. 
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The question then arises: Does this ratio hold for 
surge voltages? To answer this question, surge 
voltages were impressed across an insulator string 
potentiometer whose 60-cycle multiplying factor was 
60. This was a string of 20 insulators, four of which 
were in parallel with the surge-voltage recorder. The 
source of the surge voltages was a lightning generator 
of the non-rectifying type discharging into an external 
circuit as shown in Fig. 20. This circuit had to be used 
rather than the circuits shown in Figs. 4 and 5 in 
order to attain the requisite voltage. The magnitude 
of the voltage was determined by a sphere spark gap. 
The time of rise of the surge voltage to its maximum 
value was calculated to be of the erder of a fraction of a 
microsecond. 


ee eee ee Crane Hook 
lia, Generator | (Ground Potential) 


Fig. 20. Arrangement for Producing Surge Voltages for 
Calibration of Insulator String Potentiometer 


The results of the calibration of the potentiometer 
up to 1,400,000 volts are shown in Fig. 21. These 
results show a generally decreasing multiplying factor 
from the higher to the lower voltages. At the higher 
voltages the multiplying factor is practically that 
obtained with 60-cycle voltage. 

The results of tests with the rectifying type of 
lightning generator circuit arrangement (Fig. 4) to 
give a wave similar to that shown in Fig. 6 are also 
shown in Fig. 21. Tests were made with the insulator 
string potentiometer both dry and wet with spray. 
These were at the highest voltage that could be 
obtained with this generator for this type of work. 
The results seem to agree quite well with the non- 
rectifying type of lightning generator at the same 
voltage. The tests made with the insulator string 
when dry and also when wet show that for surge 
voltages the voltage distribution is practically alike 
under these two conditions. This is not the case at 
60 cycles where, at least at the lower voltages, the 
difference between the distribution wet and dry is 
appreciable. 

From the calibration of Fig. 21, for figures showing 
an instrument voltage of 25 kv., the surge voltage on 
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the line is 1500 kv. Figures with slips would indicate 
surge voltages from 1500 kv. to 2100 kv. Film arcover 
at 35 kv. on the instrument would indicate surge 
voltages on the line of 2100 kv. or over. 

The results of these calibrations indicate that the 
magnitude of surge voltages up to ten times normal 
maximum value, line to ground, on a 220-kv. line 
can be measured with considerable certainty. 


Specimen Field Records 

In Fig. 22 are shown some Lichtenberg figures 
obtained from a transmission line installation. The 
surge record is from 3 p.m. until 10 a.m. of the next 
day. During this time there were lightning storms in 
the vicinity of the line. It is clearly seen that these 
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2 p.m. the day following. The line-voltage bands 
show when the line voltage was “on” and “off” 
during this period. 

The record shows a high-surge voltage at 4:20 p.m. 
on Friday and the weather reports indicate severe 
lightning in the vicinity of the installation at this time. 
The loss of the line-voltage band some 30 min. before 
this surge shows that the line was de-energized at 
3:50 p.m. A close examination of the original film 
reveals a surge at 4:03 p.m. but this is not distinguish- 
able from the print. The figure obtained at 4:20 p.m. 
on the oppositely connected recorder is a positive 
“slip” (see Fig. 17) and therefore represents a voltage 
of negative polarity on the instrument of between 25 
and 35 kv. Using a potentiometer multiplying factor 
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Surge-voltage Calibration of Instrument String Potentiometer for 220-kv., 3-phase Line 


Instrument as shown in Fig. 16, housed and set up asin Fig. 18. 
Circle plotting points obtained oe circuit shown in Fig.£20. 
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20 insulators in the string. 
4 insulators in parallel with surge-voltage recorder. 
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Cross plotting points obtained with circuit shown in Fig. 4 


figures have the same characteristics as those produced 
with laboratory equipment. (The circles are drawn for 
voltage measurement as in Fig. 14.) The figures at the 
left and right are interpreted to be from oscillatory 
surges of highly damped nature, such as shown in 
Fig. 13 C which is known to be from an oscillatory 
surge voltage. The oscillatory nature of these surges 
is derived from the presence of both positive and 
negative Lichtenberg figures on both recorders. The 
middle figure indicates a unidirectional surge voltage 
of negative polarity, such as shown in Fig. 13 B. 

It is noted that there is no line-voltage band upon 
the film. This sometimes occurs and it is thought that 
this is due to the variation in voltage distribution 
across the insulator string potentiometer at normal 
line voltage and frequency. 

Fig. 23 shows a photographic record of surge 
voltages obtained on a 220-kv., 3-phase transmission 
line, using a surge-voltage recorder of the two- 
recorder type (Fig. 16) with an insulator string 
potentiometer as has been described. The normal 
maximum value of the voltage to ground is 180 kv. and 
the multiplying factor of the potentiometer was 60. 
The record shown is from 11 a.m. on one day to 


of 60, this figure represents a line surge of some value 
between 1500 to 2100 kv. The corresponding figure on 
the directly connected recorder is predominantly 
negative. However, since some positive figure char- 
acteristics are discernible on the directly connected 
recorder, the surge must have been oscillatory and of 
a highly damped nature (see Fig. 13) with a first 
half cycle of negative polarity and the second of 
positive polarity and very much lower voltage. 

At 10:30 p.m. on the same day another surge was 
recorded. A lightning storm was in progress at this 
time and the line excitation had been removed about 
15 min. before this surge. Positive figures were obtained 
on both recorders. The figure on the oppositely 
connected recorder indicates an initial half cycle of 
negative polarity of 780 kv. The figure on the directly 
connected recorder indicates the second half cycle to 
be of positive polarity of 270 kv. 

The weather records for Saturday morning show 
another lightning storm in progress. The surge record 
reveals two surges, one at 8:11 a.m. and one at 8:18 
a.m., the line having been de-energized at 8:11 a.m. 
These two surges are not so clearly distinguished from 
the print, though in the original film the record is 
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Oppositely Connected Recorder 
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Fig. 22. Lichtenberg Figures Obtained on a Transmission Line Installation During a Lightning Storm 
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Fig. 23. Specimen Record of Surge Voltages on a Transmission Line During Lightning Storms 


MEASUREMENT OF SURGE VOLTAGES DUE TO LIGHTNING 


clear. The figure obtained at 8:11 a.m. on the directly 
connected recorder is of positive characteristics and 
on the oppositely connected recorder of negative 
characteristics. The line surge was therefore uni- 
directional and positive in polarity. The figure on the 
directly connected recorder is a positive “slip” and 
therefore indicates a line voltage surge between 
1500 and 2100 kv. in magnitude. 

The figure obtained at 8:18 a.m. is positive on 
the oppositely connected recorder. The instrument 
voltage corresponding to this figure is 21.5 kv. 
and this gives a line voltage of 1290 kv. of negative 
polarity. 

This specimen record shows how the figures may 
overlap on the slowly moving film when the surges 
occur in quick succession. However, even under 
these conditions, it is generally possible to analyze the 
figures with considerable accuracy when the original 
film is used and when the figures from the two record- 
ers are available. 

Practically all figures obtained on transmission 
lines have been of the Type II class,“ and may be 
placed therefore within the wide range of wave fronts 
which vary roughly from that of a slow 60-cycle 
wave to a surge which comes to its maximum value 
in a fraction of a microsecond. 

In connection with the surge voltage-values 
obtained from the figures shown in Fig. 23, it is 
interesting to note that they compare favorably with 
the laboratory results of insulator flashover tests. 
The value 1800 kv. for the lightning sparkover of a 
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14-unit insulator string given by Peek) seems to be 
close to the upper limit of voltages actually measured 
on the line by means of the recorders. 


Summary 

Surge-voltage recorders using the positive photo- 
graphic Lichtenberg figures have given essentially 
the same calibration data under a variety of condi- 
tions; also the accuracy of such an instrument is of 
the order of 25 per cent with a somewhat better value 
possible for those measurements wherein several 
similar observations may be obtained. 

An extension of the instrument design incorporates 
two recorders and this combination allows the use of 
the positive figure as a voltage measure of all surge 
voltages thus insuring greater certainty in the results. 
A more comprehensive analysis of the figure character- 
istics is also made possible by this means since both 
positive and negative figures are available. 

A means of connecting the surge-voltage recorder to 
a transmission line of higher than instrument voltage 
has been developed and has proved to be simple, 
reliable, and easy to calibrate. Calibration data show 
that with such a connection reasonable accuracy may 
be obtained in recording voltages up to values of the 
order of 2000 kv. 

The records which can be obtained from surge- 
voltage recorder instruments located along a transmis- 
sion line will allow the facts regarding surge voltages on 
these lines to be determined with reasonable exactness. 


(s) Peek, F. W.: '*High-voltage Phenomena," Journal Franklin Insti- 
tute, Jan. 1924, v. 197, No. 1, pp. 1-44. 


Professor Elihu Thomson Honored 


Professor Elihu Thomson, Director of the Thomson 
Research Laboratory of the General Electric Company 
at Lynn, Mass., has been notified that he has received 
the Faraday medal for 1927 of the Council of the Insti- 


tution of Electrical Engineersof England. Theaward is 
made for ‘notable scientific or industrial achievements 
in electrical engineering, or for conspicuous services 
rendered to the advancement of electrical science.” 
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Definite-Time Devices Used in Connection with 
Industrial Control Equipment 


Dashpot Devices—Time-delay Obtained by Motor-driven Mechanisms—Flywheel Devices— 
Residual Magnetic Relays—Clockwork Devices 


By G. E. STACK 
Industrial Control Engineering Department, General Electric Company 


O the industrial control en- 
| gineer definite-time limit de- 
vices are of unusual interest 
and importance just at present 
because of the increasing use 
of motor-control equipments em- 
ploying time-delay devices for 
automatic acceleration. Although 
time-limit starters of the dash- 
pot-retarded type for motors of 
small capacity were probably 
the first self starters built, it has 
only been within the past two 
years that a decided interest has been taken in 
the production of time-limit accelerating equip- 
ments for larger motors, such as are used on steel 
mill auxiliaries, cranes, ore bridges, coal towers 
and elevators. The current-limit principle has 
been employed generally for such service for a number 
of years past, but those following the situation closely 
have become convinced that a system employing a 
combination of current-limit and time-limit will 
more nearly meet requirements. 

Time-limit devices, usually in the form of a dashpot 
or bellows, have been used for many years to secure 
a time lag in the operation of overload attachments 
for circuit breakers and overload relays. These are 
so well known that they need not be described here. 


The present article deals with some of the interesting : 


devices utilized for securing a time lag for automatic 
acceleration, for undervoltage release and in con- 
nection with other problems that face the designing 
engineers of industrial control. 

Dashpots for retarding the action of a spring or 
_ solenoid have come into general use on a large number 
of devices ranging from small relays for handling 
low-ampere-capacity circuits up to starters for all 
sorts and sizes of motors. The dashpots are either 
of the oil or air type, both of which work out satis- 
factorily when operated in temperatures which do not 
vary over a wide range. The air type when subjected 
to rapidly changing temperatures and considerable 
frequency of operation may gather a good deal of 
condensation on the inside. This moisture may freeze 
in cold weather and thus render the dashpot inop- 
erative. On the other hand, the operation of an oil 
dashpot varies with the viscosity of the oil, which in 
turn depends on the temperature. Air dashpots are 


The proverbial wide choice of 
methods of skinning a cat 1s small 
compared to the great variety of 
electro-mechanical principles that 
can be used for securing a desired 


delayed time action in electrical 
control. Success is a matter of the 
designer's ingenuity and exact 
knowledge of just what result ts 
wanted.—EDITOR 


usually made with a rubber or 
leather gasket which through wear 
or becoming hard and dry may 
lose its effectiveness. The more 
expensive air dashpots made 
without gaskets require very ac- 
curate machining of both the 
plunger and cylinder which must 
be made of materials that will not 
cut each other. Oil dashpots are 
usually made without gaskets, 
but when long time delay is 
required very close fitting of the 
parts is necessary. Fig. 1 illustrates a representative 
dashpot relay. 

Another common form of time-delay relay is 
shown in Fig. 2. In this, use is made of a train of 
gears driven by a constant-speed motor. In order to 
have the relay reset quickly after operation, a latch 
arrangement operated by a magnet is employed. 
When energized, the magnet engages the gear train 
with the motor at the same instant the motor is 
started. After the gear train has run long enough to 
operate the contacts, the motor is de-energized 
automatically by the relay contacts, but the latch 
magnet remains energized as long as the control 
switch to the relay is closed and this maintains the 
contacts in the position in which they were driven 
by the motor. On opening of the control switch, the 
magnet is de-energized, allowing the latch and con- 
tacts to be snapped back by a spring into the starting 
or original position, thus making the mechanism ready 
for another time-limit operation. Two time-delay 
ranges are available in relays of this type—1 to 33 
sec. and 1 to 33 min. The devices find application in 
connection with automatic compensators, automatic 
synchronous motor starters, and the automatic 
starting of a succession of conveyors. 

Various forms of flywheel are also employed to 
obtain time delay. 

A simple form applied to accelerating contactors is 
shown in Fig. 3. The closing operation of the con- 
tactor releases the flywheel which is counter-weighted 
and biased to turn. The mass of the flywheel is 
sufficient’ to give a time delay of 14 to 1 sec. between 
the closing of the contactor and the closing of the 
contacts which are operated by the flywheel. The 
closing of these contacts energizes the coil of the 
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next contactor to close. Obviously this type of relay 
can be used only where the time necessary between 
closing of contactors is very short and thus its applica- 
tion is limited to such equipments as elevators, skip 
hoists, etc. It is very satisfactory for this class of 
service, because it is extremely accurate in its opera- 
tion. An elevator requires accurate timing to give 
uniform and easy acceleration. 


Fig. 1. Time-limit Circuit-opening Relay of the 
Oil Dashpot Type, with Protective 
Cover Removed 


Fig. 2. Definite-time Relay in which the Time Delay is 
Secured Through a Train of Gears Driven by 
a Constant-speed Motor 


A type of flywheel relay used to provide definite 
timing when de-energized employs a small motor- 
driven flywheel, as shown in Fig. 4. The field of the 
motor is connected permanently across the supply 
lines. The armature is connected permanently in 
parallel with the coil of the relay so that the relay 
closes its contacts at the same time the motor arma- 
ture is energized and starts rotating. In case the supply 
is cut off from the relay coil and motor armature, the 
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flywheel will continue to drive the motor which will act 
as a generator and keep the relay closed 20 to 30 sec. 
This combination is used where time-delay under- 
voltage release is desired, as in the field control of 
direct-current mine hoist equipment. 

The relay shown in Fig. 5 is used in connection 
with hand-operated compensators or reduced-voltage 
starters to give time-limit undervoltage release by 
tripping the latch which holds the device in a running 
position. The solenoid coil is energized when the 


Fig. 3. Definite-time Device of the Flywheel Variety Set 
in Motion by the Adjacent Contactor to Close a 
Succeeding Contactor 


Fig. 4. A Direct-current Time-limit Device in which the 
Deceleration of a Flywheel is Utilized to Furnish 
the Time Delay 


device is operated to start the motor lifting the 
weight and rack to the position shown. On failure 
of, or dip in voltage, the solenoid core, weight, 
and rack start to fall. On downward movement the 
rack engages with a pinion on a flywheel, the inertia 
of which retards the fall and a delay of 11% sec. takes 
place before the latch is tripped. Should power 
return before the weight strikes the latch, the falling 
parts are jerked back to their upper position. 
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The relay shown in Fig. 6 is made with an extra 
large cross section of soft steel in the magnetic 
circuit. On energizing the coil, the armature is 
instantly attracted to the core, making a continuous 
magnetic circuit. When the coil is de-energized by 
being short-circuited, considerable time is required 
for the magnetic flux to die down sufficiently to 
release the armature and let it return to the normal 
position. The armature may carry normally open or 


Fig. 5. Another Variety of Time-delay Device Employing 
a Flywheel. This attachment is used to furnish an 
undervoltage trip of the latch that holds a 
hand compensator closed 


Fig. 6. A Direct-current Definite-time Delay Relay Having 
a Relatively Slow Decadence of Flux, which is Utilized 
to Furnish the Time Delay 


closed contacts and thus can be used to open or close 
a circuit after the time elapses. The time interval 
obtainable with this type of relay is necessarily short 
—1 to 2 sec. The adjustment for time is obtained by 
varying the thickness of shims between the armature 
and core and also by varying the spring tension at the 
bottom of the armature. This relay finds a very useful 
field in connection with control equipments for 
steel-mill auxiliaries where the time delay required 
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between the closing of the accelerating contactors 
is very small. It is obviously limited to direct- 
current circuits only. 

Fig. 7 shows a side view of a time-limit attachment 
for use on a-c. contactors. The device is normally 
open and is fitted with a lever for mounting on the 
square shaft of the contactor. On the closing of the 
contactor the lever compresses a spring with which it 


Magnetic Time Interlock for Use in Connection 
with Alternating-current Contactors 


Fig. 7. 


Fig. 8. Clock Type of Mechanical Escapement for 
Use Where Great Accuracy of Time Lag 
is Required 


is in contact at the end of a rod and biases the con- 
tact tip to close, carrying with it another lever having 
a round armature located at the end near the time- 
delay coil. This armature is pulled upward across the 
pole face of the core. The movement takes place slowly 
because the coil is energized at the same time the 
contactor coil is energized and the armature is 
thereby attracted, but due to the alternating cur- 
rent in the coil the armature flutters or buzzes and 
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the progress is by small amounts at each alternation. 
The maximum delay obtainable with this device 
1s 3 sec. 

A device that is very commonly used to obtain a 
definite-time lag is a mechanical escapement such as 
that employed in clocks and watches. Besides being 
the most generally employed 1t is unquestionably the 
most accurate. Until recently, little application of it 
had been made to industrial control but its possibilities 
have of late received much attention and some very 
practicable time-lag attachments of this nature 
have been devised, a sample of which is shown in 
Fig. 8. In this particular application the device is 
used as the retarding means for a multi-point d-c. 
automatic starter. The attachment essentially com- 
prises a rack, pinion, shaft, gear, and ratchet escape- 
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ment. The last is provided with a movable weight 
which permits of a wide range of adjustment. In the 
device shown in the illustration the permissible adjust- 
ment is from 2 to 10 sec. 

If this particular form of time escapement device 
proves to be as dependable as tests so far indicate, 
its use in industrial control may go far toward sup- 
planting dashpots, the variable characteristics of 
which have already been referred to. 

There are a number of timing contrivances that 
are utilized in industrial control but not covered by 
this article; only those which are commonly employed 
have been described but they are sufficient in number 
and variety to indicate the importance that definite 
timing plays in the field of industrial control design 
and application. ` 


The Gaseous Conductor Lamp 


By L. C. PORTER and G. F. PRIDEAUX 
Special Development Section, Engineering Department, Edison Lamp Works 


“sub-dividing the arc light,” and emerged with 

the first practical incandescent lamp, the trend of 
development has been towards producing lamps of 
higher and higher wattages and increased efficiencies. 
In other words, the goal has been the maximum amount 
of illumination for a given expenditure of current, or 
power. The results achieved are too well known to 
require discussion beyond the statement that the 
practically universal use of the modern incandescent 
lamp for ali sorts of lighting service has created a 
demand for what may be described as accessories, or 
devices primarily intended to increase the con- 
venience and effectiveness of the incandescent lamp 
and the system of which it forms a part. 

Among these demands one that has attained con- 
siderable prominence is that for some source of light, 
of low candlepower and reasonable efficiency, to 
serve, not as an illuminant but rather as an indicator 
to show the location of switches, outlets, etc., in the 
dark. There have been attempts to meet this demand 
by various means, of which radium buttons are prob- 
ably the best known example, but none of them have 
for one reason or another proved entirely satisfactory 
or practicable. The latest engineering development, 
which, however, is not yet available on the market, is 
one that seems to meet the requirements of the 
service very successfully. It consists of a new form 
of lamp operating on a principle quite different from 
that of ordinary electric lamps and thus possessing 


E": since Edison plunged into the problem of 


characteristics that are interesting for their originality, 
if for nothing else. 

The principle upon which this lamp operates, and 
from which its designation as a gaseous conductor 
lamp 1s taken, 1s that of the ionization of the atoms 
of a gas immediately surrounding a charged electrode. 
The lamp consists essentially of two magnesium elec- 
trodes, contained in a bulb which is filled with cer- 
tain rare gases, which are connected to the source of 
power through a resistance sufficient to prevent 
arcing between them. The resistance 1s located in the 
base. When the potential of the positive electrode 
reaches a certain value the gas surrounding 1t becomes 
ionized and forms a conducting path with the result 
that the gas around the negative electrode begins to 
glow with a soft, pinkish-yellow light. In the case of a 
direct-current source, the glow is always at the nega- 
tive electrode, but with alternating current first one 
electrode and then the other glows in turn as the 
direction of power reverses. On 60 cycles the alterna- 
tion is so rapid that the light is to all intents and 
purposes uniform, but at 25 cycles there is a distinct 
pulsation. These features are used to advantage in 
some of the applications for which the lamps are 
suitable. | 

The lamps are made in two varieties (Fig. 1), one 
having a round bulb and a medium screw base, while 
the other has a tubular bulb and a candelabra base. 
The amount of resistance used varies with the type of 
lamp, being 60,000 ohms in the former and 100,000 


150 March, 1927 


ohms in the latter. The more important operating 
data on the two lamps are summarized in Table 1. 


TABLE 1 

Round Bulb Tubular Bulb 
Operating voltage............... 100-130 a-c. 100-132 a-c 
CUTE aaa a ans 0.0004 amp. 0.0002 amp 
Wattage, .. 666 shee cee edie 1/20 1/40 
Lumens. e triada ro 0.004 0.002 
Initial efficiency (lumens per watt) 0.1 0.1 
Initialmeansphericalcandle-power 0.0004 0.0002 
Useful te: osas de 2000 hrs 2000 hrs 
Maximum overall length......... 2 in. 13, in 
Diameter ici aa 1Y in. in. 


Fig. 1. Two Types of Gaseous Conductor Lamp 


Fig. 2. 


Lamp Used as Indicator for a Wall 
Bracket Fixture 


Since the electrical and operating characteristics of 
these lamps are so entirely different from those of the 
ordinary incandescent lamp, a brief outline of the 
more striking ones may be of interest. In the first 
place, as has been intimated, they work as well on 
direct as on alternating current, although in the 
former case they require about 35 per cent higher 
voltage than in the latter to break down the resistance 
between the electrodes. But, while the candlepower 
of an incandescent lamp increases very rapidly with 
increases in either voltage or current, the candlepower 
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of these lamps is a function of the current only, they 
being relatively unaffected by wide ranges of voltage 
variation. The causes of failure of the two varieties of 
lamp also differ considerably, in the case of the 
incandescent lamp, being usually a matter of breakage 
or burning up of the filament, while since in the case of 
gaseous conductor lamps there is no filament, their 
life is finally ended by the bulb becoming coated 
with a deposit from the decomposing electrodes. 
Finally, one of the most interesting comparisons is 
that of the lighting time characteristics of the two 


Fig. 4. Traffic Beacon Equipped with Flasher Made 
from a Gaseous Conductor Lamp 


lamps. That of the incandescent lamp is relatively 
slow, owing to the time necessary for the filament to 
heat up to incandescence and to cool off when the 
current is shut off. That of the gaseous conductor 
lamp is, on the other hand, practically instantaneous. 

As to the uses to which these lamps may be put, it 
may be safely said that their name is legion. In 
applying them, however, it should always be kept in 
mind that their candlepower is too low to permit them 
to be considered as an illuminant, except in a few 
very special cases where the area to be lighted is 
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exceedingly small. As has been said, their principal 
field of usefulness is that of indicators; this field 
alone includes a very large and diversified number 
of possibilities. A few examples should suffice to give 
an idea of the class of applications coming in this 
category. The lamps can be used to indicate the 
position of outlets, tumbler switch handles, pull 
switches, lamp base switches, and for many other 
purposes of a similar character. An example of such 
application is shown in Fig. 2. 


Fig. 5. Diagram of the Circuit Used in Connection with 
the Traffic Beacons Such as That in Fig. 4 


Their economy of operation and their characteris- 
tics on different sorts of electric circuits opens another 
wide field of usefulness to them, that of indicators to 
show whether or not a circuit is alive and the sort of 
power on the circuit. Their cost of operation is so low 
that they can be allowed to remain lighted perma- 
nently, so that they serve as a constant indication of 
the electrical conditions on the circuit. Some of the 
uses in this field are: as an indicator in fuse boxes to 
tell which circuits are alive, as an indicator for all sorts 
of electric heating and cooking devices, such as flat- 
irons, heating pads, coffee percolators, etc. (Fig. 3 
shows one such application), and as test lamps for 
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electricians. In the latter case they are particularly 
valuable as they will show whether the power in a 
circuit is direct or alternating current, and if the 
latter whether it is 25 or 60 cycles. They may also 
be used as polarity indicators, frequency indicators, 
and to determine which legs of a three-wire circuit 
are low and which high voltage. 

As can be imagined, their use in the field of illumina- 
tion, as that term is generally understood, is very 
limited. They can, however, be used to light clock 
faces, instrument scales, instrument boards, such as 
those on automobiles or airplanes, and in similar 
places where the area to be illuminated is small and 
the degree of light required is not high. There is one 
application in this class, however, that is interesting 
enough to merit a more detailed description, namely, 
the use of the lamps as flashing signals for danger 
signs on highways. 

A typical example of such a sign is shown in Fig. 4, 
and the circuit by which the flashing characteristic of 
the lamp is obtained in Fig. 5. The operation of the 
system is as follows: It will be noted that the lamp is 
connected across the terminals of a storage battery B, 
a radio B battery for example, and also across a 
condenser D with a resistance C in series. The 
current from the battery charges the condenser until 
at a point determined by the amount of resistance in 
C, the condenser voltage becomes high enough to 
break down the resistance between the electrodes of 
the lamp and establish the circuit that causes the 
negative electrode to glow. The result is a momentary 
flash of the lamp which dies out as soon as the con- 
denser has discharged. The time between flashes can 
be regulated by varying the amount of the resistance 
in the circuit at C. The result is a very simple flashing 
system which, having no mechanical parts, should last 
indefinitely and with which the only maintenance 
necessary is to replace the lamp at infrequent intervals, 
and see that the battery is kept properly charged. 


Fig. 6. Gaseous Conductor Lamp Used as a Bedside Clock Light 


152 March, 1927 


GENERAL ELECTRIC REVIEW 


Vol. 30, No. 3 


The Steel Mill of the Ford Motor Company 


Description of the Plant as a Whole—The Rolling Mill—System of Power Generation and 
Distribution— The Merchant and Blooming Mill Motors and Control — 
Projected Developments and Equipment 


By T. HARVEY 
Sales Engineer, Detroit Office, General Electric Company 


OCATED on the River 
L Rouge, approximately 
twelve miles west of De- 

troit and southeast of Dearborn, 
Michigan, is the world’s greatest 
automobile plant, employing 
approximately seventy thousand 
men. This plant was formerly 
known as the River Rouge Plant 
of the Ford Motor Company, but 
has recently been called the Ford- 
son Plant. It was established 
about ten years ago, and not only 
contains the main automobile motor assembly plant, 
but in addition, manufactures Fordson tractors, oper- 


The Ford Motor Company has 
long been famous for its faculty 
for taking long established stand- 
ard industrial processes and re- 
vamping them to meet its special 


requirements. The results of an 
adaptation of steel mill practice, 
and the unique equipment devel- 
oped as a means are described in 
some detail by the author.— EDITOR 


The entire plant covers more 
than fourteen hundred acres and 
includes one and one-half miles 
of dock frontage located on a 
channel deepened some years ago 
to furnish direct access to the 
Great Lakes and ocean trade 
routes. With development of this 
project, the company obtained a 
fleet of lake and ocean freight- 
ers for the transportation of raw 
materials, including iron ore from 
the Ford mines in the upper 
lake region, lumber from the immense forest tracts 
owned by them in the Iron Mountain (Mich.) 


Fig. 1. 


ates its own blast furnaces, main alternating-current 
power plant, body plant, lumber mill, coke ovens, 
and by-product plant, wet-process cement plant, 
steel plant, and rolling mill, electric melting fur- 
naces, paper mill, sintering plant, locomotive shops, 
and glass factory, all of which make it one of the 
world's largest industrial establishments. 


4500-h.p., 500-volt, Direct-current Motor Operating the 14-in. Merchant Mill 


district, and for the transportation of automobile 
parts for assembly in foreign plants both in Europe 
and South America. 

Linked with this water transportation is the 
Detroit, Toledo and Ironton Railroad, which operates 
from the Fordson plant to the Ford coal mine property 
near Ironton, Kentucky, and which makes connection 
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with practically all trans-continental lines of impor- 
tance. In addition the Detroit and Ironton branch 
of the D. T. & I. R. R. has been added to the railroad 
holdings. This latter road consists of a thirteen-mile 
stretch between Flat Rock and the Fordson Plant. 
It has been completely electrified and is in operation 
for the purpose of developing Mr. Ford's ideas in 
regard to modern electric locomotive freight haulage 
and gas-electric passenger service. 

In connection with this transportation system, 
storage capacity has been provided at the Fordson 
plant for two million tons of ore and all the lime, coke, 
and coal required for the manufacture of pig iron. 
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generators are operated in series to give 500 volts, for 
which voltage the mill motor is designed. The motor 
and motor-generators are installed in a glass enclosed 
and enameled tile walled substation, which is located 
inside and at about the middle of the main Merchant 
Mill building (Fig. 2). The substation contains two 
additional generators of the same rating. One of 
them is designed for use as a spare unit for either 
of the two sets mentioned above. The other is for 
use as a second spare for furnishing power at 250 
volts to operate the auxiliary mill motors, and, if 
required, to furnish excitation for all the other 
motor-generators. The auxiliary mill motors for this 


The Motor Room of the Merchant Mill, Showing the Four 2000-kw. 


Motor-generators and the Main Control Board 


The Merchant Mill 

The first unit of the Fordson rolling mill plant was 
put into operation in November, 1925, at which time 
the 14-in. merchant mill began rolling steel from 
purchased billets. This mill is operated by one 24-pole, 
4500-h.p., 67-5/110 r.p.m., 500-volt, direct-current 
motor (Fig. 1). The power for operation of the motor 
is furnished by two 12-pole, 2000-kw., 400-r.p.m., 
250-volt, direct-current motor-generators equipped 
with 500-volt insulation, and each driven by an 
18-poie, 2800-kv-a., 400-r.p.m., 13,200-volt, 3-phase, 
60-cycle, synchronous motor. Both motors and gener- 
ators are separately excited from a shop bus, the 
power for which is furnished from a substation con- 
taining a number of 1500-kw. synchronous motor- 
generators. The reliability of the source of excitation 
being thus assured, direct-connected exciters are not 
used with any of these motor-generators. Two 


particular mill consist of about fifty 230-volt direct- 
current motors of the standard crane and mill type 
of various ratings from 714 h.p. to 100 h.p. There 
are also a number of standard industrial type direct- 
current motors installed for operating cutting shears 
and other machines of similar type. 


Control for Merchant Mill Motor 

The control board for the mill motor and the motor- 
generators is located in the same building, and is of 
the remote or semi-automatic type. The board con- 
sists of two parts, the main control board carrying 
twin-pull switches, with the usual indicating signal 
lights, for starting, stopping, reversing, and regulating 
the speed of the main motor and for starting and 
stopping the motor-generators. This board also carries 
all the instruments and the air circuit breakers neces- 
sary for controlling the feeder circuits handling the 
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power supply to all the auxiliary motors. It is located 
on the main floor with the motor-generators and the 
main motor. The second part of the control board 
is the contactor and relay board, operated from the 
main control board, and located in the basement 
directly beneath it. It carries all auxiliary con- 
tactors, protective relays, timing relays, acceler- 
ating relays, etc., such as are standard equipment 
for automatic control panels of this type. On 
the same floor with the board are located the motor- 
operated field rheostats for each direct-current gener- 
ator and synchronous motor, the field rheostat for 
the main motor; and the main direct-current circuit 
breakers, which are mounted on an angle iron frame- 
work in a very compact arrangement. There is a 
total of twelve of these breakers of the high-speed 
type rated 12,000 amperes, 500 volts each. The 
breakers have been installed as an integral part of 
- the direct-current bus structure, which is supported 
from the ceiling of the basement directly under the 
machines for which it carries the power supply. All 
of the alternating-current oil circuit breakers are of 
the cell-mounted type and are installed in the center 
of the basement. All high-tension cables, as well as 
direct-current cables, are located underground in con- 
duits. The entire substation is so compact and at the 
same time so accessible that its arrangement may be 
referred to as a model for such installations. 

The switchboard control is designed so that the 
operator regulates the speed and direction of rotation 
of the main motor on signal from the chief mill 
operator. Motor-generators No. 1 and No. 2 are 
normally used for driving the mill motor, while 
motor-generator No. 4 is normally operated as a 
shop supply machine for the auxiliary motors and 
as emergency excitation for the mill motor and its 
driving motor-generators. Motor-generator No. 3 may 
be used in place of motor-generator No. 1 or No. 2. 
If No. 3 is not being used as a spare for No. 1 or No. 2 
it may replace, or operate in parallel with, motor- 
generator No. 4 on the direct-current shop bus. The 
selection of any of these combinations automatically 
insures the closing of the proper direct-current 
breaker when the mill motor starting switch is 
operated. 

To start up No. 1 and No. 2 (or No. 1 and No. 3, 
or No. 2 and No. 3) the operator simply pulls the 
corresponding twin-control switch, which automati- 
cally starts the proper combination. The operation 
of its control switch will also start up No. 4. The 
operator then pulls a second control switch which 
closes No. 4’s direct-current breakers, putting the 
generator of No. 4 self excited on the shop bus, or 
else No. 3 may be started and put on the shop bus 
instead of No. 4, providing that the combination of 
No. 1 and No. 2 is to be used for the mill motor. In 
other words, the motor-generators to be used to 
supply the shop will be started before those which 
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supply the mill motor. When the control switch is 
operated for starting up the synchronous motor of 
the motor-generator, if the correct starting conditions 
exist in the system, the auto-transformer is energized 
and the synchronous motor connected to it. Only 
one auto transformer is used for starting the four 
motor-generators consecutively, although a spare 
transformer is also installed. When approximately 
synchronous speed is reached, field is applied to the 
motor automatically and it pulls into step. The trans- 
fer switch then operates, cutting the motor circuit 
from the auto-transformer to the line, and the motor 
field excitation 1s automatically strengthened. 

When the desired combination of motor-generators 
is running the operator pulls the forward or reverse 
control switch as desired, which applies field to the 
mill motor, closes the proper direct-current breakers, 
and gradually applies field to the direct-current gener- 
ators, which automatically brings the voltage at the 
motor terminals up to, and maintains it at, normal 
value. If it 1s desired to stop the motor, the stop- 
control switchis operated, whereupon the direct-current 
breakers open, the direct-current motor field and the 
driving generator fields open, and the motor-operated 
rheostats are automatically returned to the corre- 
sponding “Off” position. If the breaker in the mill 
motor circuit opens on overload it is necessary for 
the operator to pull the stop switch before restarting, 
and the motor will not restart unless the rheostats 
are in the proper “Off” position. When operating 
in the forward direction, if it is desired to roll ata 
speed above 67.5 r.p.m., the operator adjusts the 
motor field by means of a control switch to give the 
desired speed. 

If it is desired to reverse the operation of the main 
motor the reverse control switch is pulled, whereupon 
the motor field rheostat runs to the full-field position 
automatically, and the generator field rheostat runs 
through its range to the reverse position, so as to give 
normal voltage of reversed polarity at the motor 
terminals. The control is not designed to furnish a 
higher speed than 671% r.p.m. in the reverse direction. 
If it 1s desired to operate below the normal low speed, 
t.e., normal voltage and full field on the motor, the 
operator pulls the low-speed switch and adjusts the 
generator voltage to give the desired speed. This 
adjustment may be made in either forward or reverse 
direction. 

The control equipment referred to provides the 
following automatic features: 


Synchronous Motors 
(1) Start the shop supply motor-generator selected, 
and start the driving combination selected if the 
proper conditions exist. 
(2) Prevent the starting of a motor generator if: 
(a) The alternating-current line pressure 1s be- 
low a safe operating value. 
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(b) The motor-generator or the mill motor has 
been shut down by some protective device. 

(c) Prevent the starting of the driving combina- 
tion if the shop bus is not energized. 


(3) Shut down a motor-generator if: 


(a) The equipment is subjected to harmful over- 
load or to short-circuit conditions sufficient 
to require inspection, adjustment, or repair, 
before being placed in service again 

(b) The field of the synchronous motor should 
fail. 

(c) The motor-generator should tend to over- 

| speed. 

(d) A bearing should tend to overheat. 

(e) The starting sequence should not be properly 
completed. 


Direct-current Generator and Mill Motor 


(4) Prepare to start the mill motor if all the direct- 
current breakers are open except the proper 
shop breakers, and if the motor field and the 
driving generator field contactors are open; if 
the mill motor field rheostat is in the full-field 
position and the driving generator field rheostat 
is in the zero field position. 


(a) Apply field to the mill motor. 

(b) Close the proper direct-current breakers. 

(c) Close the driving generator field circuits. 

(d) Build the generator voltage up to normal 
and then hold normal voltage up at the 
motor terminals. 


(5) Shut the motor down if: 


(a) The equipment is subjected to excessive 
direct-current overload in either direction. 
(b) A bearing should tend to overheat. 


(6) When the mill motor is shut down, run the 
direct-current motor rheostat to the full-field 
position and run the generator reversing rheostat 
to the zero field position. 


Normally the main mill motor operates at constant 
speed, this speed depending upon the product being 
rolled. It is designed to operate from its maximum 
speed forward (110 r.p.m.) with weakened field, to 
its full field speed of 6714 r.p.m. in the reverse direc- 
tion. Reversing, however, is done only in an emergency 
and the motor field rheostat automatically runs to 
the full-field position before the motor can reverse. 


Operation of Merchant Mill 

A brief discussion of the operation of the 14-in. 
merchant mill above referred to will be of interest. 
This mill receives 4 in. by 4 in., 5 in. by 5 in., and 
6 in. by 6 in. billets 14 to 15 feet long and converts 
them into rounds and squares from 7% to 3 in. in 
thickness, or to an assortment of flats of equivalent 
sizes. Two heating furnaces are employed in supplying 
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heated billets for the mill; they have 16 ft. by 40 ft. 
hearths and at the present time are being fired by 
fuel oil. The fuel that will ultimately be used in these 
furnaces is coke oven gas. The furnaces are equipped 
with the usual mechanical devices for charging and 
discharging billets. 

The first group of roll stands consists of six pairs 
of rolls arranged in tandem, so that a bar never 
passes more than once through any given pair of 
rolls. This method of rolling is the well known con- 
tinuous process, and was adopted by the Ford Motor 
Company because all the processes in its manufactur- 
ing plant are built around the principle of continuous 
operation. 

The cooling bed which receives the finished product 
from the 14-in. mill consists of two sections, each 360 
ft. long, and therefore capable of receiving hot bars 
of this length. After passing across the cooling surface 
the bars are grouped in multiple for shearing to the ` 
desired lengths for each particular product. After 
they are sheared they are assembled in batches on a 
scale and weighed. All of the mechanical equipment 
and conveyors for these rolls are driven by standard 
mill type motors, which are in turn controlled by 
magnetic control panels located on a balcony with the 
master switches. The number of operators in this mill 
is reduced to a minimum by the careful design of the 
mill and the special attention which has been paid 
to simplicity. 


The Blooming Mill 

After the 14-in. merchant mill went into operation 
the next unit to start was the 42-in. and 32-in. special 
blooming mill designed to handle the small oval ingots 
having a corrugated surface which the Ford Motor 
Company have adopted for their practice in manu- 
facturing high-grade alloy steels. The two blooming 
mills are driven by the same motor, which is equipped 
with double-shaft extensions and drives the +42-in. 
mill from one side and the 32-in. mill from the other. 
The mills are connected to the motor through heavy 
spiral bevel cut tooth gears enclosed in cast-iron cases 
having covers. An additional feature consists of large 
pinion housings between the gear housings and the 
roll stands, on each side of which are “breaking 
spindles’’ which are designed to let go in the event 
of trouble either in the gear or gear machinery (Fig. 3). 

Stream lubrication of gears is employed throughout, 
the used oil being collected and returned to filters 
and then pumped to overhead storage tanks for 
redistribution. Unlike the usual blooming mill, the 
Ford mill does not reverse, but instead the roll stands 
are arranged in tandem formation. Again in this mill 
the material passes only once through each pair of 
rolls. Suitable roller tables between each pair of rolls 
automatically turn the ingot so as to present first 
one and then the other axis to the rolls. The operation 
of this mill is so completely automatic that verv few 
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men are required to run it. One simply sees an ingot been attained with such small ingots in any other 
arrive at the first stand of the rolls, then enter the than a continuous type of mill. 

first pass, being rolled in that pass and moving on to The soaking pits serving the blooming mill are of 
the successive stands with no apparent human effort the usual type in which the ingots are charged with 
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Fig. 3. Motor Room of the 42/32-in. Blooming Mill, Showing the 8000-h.p. Mill Motor, and the 
Reducing Gears and Couplings Between the Motor and the Different Stands 


eer pe Ta a A 


A A jee 
“PDD « e è 


Fig. 4. Closeup of the 8000-h.p. A/3000-h.p. Y Slip-ring Induction Motor Driving 
the 42/32-in. Blooming Mill 


being concerned in its handling. This blooming mill the initial heat of the open hearth and are allowed to 
can produce upward of 125,000 gross tons per month soak to uniform temperature. The ingots are taken 
—rolling small ingots weighing only 1500 Ibs. It is out of soaking pits and are placed in the tilting 
obvious that such a large tonnage could not have cradles, which discharge them into a special ingot run. 
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Blooming Mill Motor and Control 

The motor drive for this blooming mill is also of a 
rather unique design and consists of a 30-pole, 8000- 
h.p. delta-connected, 3000-h.p., Y-connected, 240- 
r.p.m., 13,200-volt, 3-phase, 60-cycle slip-ring induc- 
tion motor of constant speed design (Fig. 4). The 
double rating is obtained by means of external stator 
winding connections on the terminal board; by 
changing these connections the stator winding is 
ready for operation in either delta or Y-connection 
on either 8000 or 3000 h.p. This is not only the largest 
slip-ring motor of this type and voltage ever built, 
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but is the only one of its type in operation, so far 
as the records indicate. The control furnished for 
the motor is divided into two parts, the primary and 
secondary. The former consists of hand-operated dis- 
connecting switches of the usual type, and 15,000-volt, 
500-ampere solenoid-operated oil circuit breakers of 
the full automatic type for controlling the incoming 
line to the motor. The breakers are cell mounted. 
Additional non-automatic oil circuit breakers of 
smaller rupturing capaeity are provided for controlling 
the forward and reverse operation of the motor. A 
control pedestal or panel, an indicating wattmeter, 
watthour meter, control switch, and signal lamps are 
installed in the main motor room on the same floor 
level as the motor. 

The secondary control (Fig. 5) consists of panels 
equipped with the necessary magnetic contactors 
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for short-circuiting the starting resistance, current- 
limit relays for automatically controlling the con- 
tactors, and the necessary grid resistors, master switch 
and push-button stations. 

When starting the motor it is first necessary to 
close the main oil circuit breaker by operating its 
master control switch. After this breaker is closed 
the motor starts on the simple operation of the master 
switch, either forward or reverse. This switch may be 
thrown immediately to the full running position, in 
which case the motor comes up to speed under auto- 
matic control of the current-limit relays; or, it may 
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Fig. 5. The Secondary Control for the 8000-h.p. Blooming Mill Motor 


be operated slowly and the motor brought up to 
speed as slowly as desired. The motor may be stopped 
either by opening the main oil circuit breaker and 
returning the master switch to the “Off” position, 
or by the operation of one of the “Stop” push-button 
stations. In any case after the motor has been stopped 
the master switch must be returned to the “Off” 
position before it can again be started. 

The equipment as now installed is designed to 
control the motor with its stator windings Y -connected 
so as to give an output of 3000 h.p. When it is desired 
to increase the load and operate the motor for an 
output of 8000 h.p. the external stator connections 
are changed on the terminal board to give delta 
winding, in which case it is also necessary to change 
the taps on the secondary slip-ring resistors. Likewise 
1t is necessary to change the current transformers 
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operating the current-limit relays, also those located 
on the main control panel which operate the oil 
circuit breaker relays and instruments, and to change 
the scales on the indicating instruments. 

The secondary control equipment provides seven 
automatic current-limit acceleration points and one 
plugging point, with hand control from the master 
switch. Primary reversing is obtained by means of 
the solenoid-operated oil circuit breakers already 
referred to, which are also controlled from segments 
on the master switch. An undervoltage protective 
contactor is provided on the panel which prevents 
starting of the equipment upon return of power after 
a shut-down caused by over-load, or by failure of 
voltage while running, until the handle of the master 
switch has been returned to the “Off” position. The 
primary oil circuit breakers are closed from segments 
on a master switch, but may be tripped either from 
an “Off” position segment on the master switch, or 
by the opening of undervoltage protective contactors 
due to undervoltage conditions, or by the operation 
of stop push-button stations located at several points 
in the mill. 

The main motor and master control panel are 
located in a fully-enclosed, well-lighted motor room, 
finished with tile floor, and white enameled walls 
and ceiling. Special care was taken in the design and 
finish of the motor and control so that they would 
conform to the high quality of finish given the mill 
motor room. A special paint finish of an attractive 
dark maroon has been applied to the motor frame, 
and all bolts, nuts, rails, etc., are nickel finished, as 
are in fact all such accessories on the entire blooming 
mill and merchant mill motor housings. The motor 
is also equipped with an electric heater, installed in 
its frame, which is controlled by separate contactors 
located on the secondary control panel. This heater 
is used to maintain the motor windings at a reasonable 
temperature while the motor is out of operation on 
week-ends or holidays. This is done in order to avoid 
condensation of moisture on the windings, with 
possible resultant damage to the insulation arising 
from the high voltage (13,200), for which the motor 
is designed. 

The mill auxiliaries for the blooming mill are driven 
by mill type motors ranging from 10 h.p. to 70 h.p. 
and controlled by magnetic contactor panels of the 
remote control type with master switches. All these 
control panels and operating switches are located in 
balconies at the side of the mill and overhead as was 
the case in the merchant mill. 

A visitors’ gallery has been installed along the 
west wall of the motor room, from which both the 
motor room and the blooming mill proper may be 
viewed. The motor room is heated and ventilated 
with washed air, the same scheme being provided 
for the air compressor room, the 14-in. merchant 
mill motor room and substation, and the 18-in. mill 
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motor room which is now under construction. Every 
possible attention has been paid to the selection of all 
control equipment and to its installation and opera- 
tion in order to attain the greatest possible safety 
and utility, coupled with the best appearance. 


Projected Developments 

The next unit of the mill to be started will be the 
open-hearth building, construction on which began 
in February, 1925, and which is rapidly nearing com- 
pletion. This department is located south of the 
rolling mill, at right angles to each of the merchant 
and blooming mills, and covers an area 1066 ft. long 
and 240 ft. wide. The building is 112 ft. high and 1s 
served by a mile of railroad tracks. Four tilting hearth 
type furnaces have been installed, the normal produc- 
tion from which will be 200 tons of ingots per twenty- 
four hour day, each. Space has been provided for the 
installation of six additional furnaces. The building 
being of concrete, glass, and steel construction, per- 
mits exceptionally good light and ventilation in the 
interior. Remote-controlled motor-operated window 
frames are installed in this building and in all the 
steel mill buildings so far constructed. Cranes of 
125-ton and 175-ton capacity are operated on run- 
ways 56 ft. above the ground level. There are two 
floor levels in the building, the ground floor and 
charging floor, the latter being 21 ft. above grade. 
The charging floor, which is paved with fire brick, 
extends from the middle of the scrap-loading building 
to a point in front of the open-hearth furnaces and 
contains another mile of track. A ten-ton storage 
battery locomotive will operate on these tracks for 
all haulage inside the building. Normal production 
from each furnace per day (200 tons of ingots) will 
necessitate the feeding of 1000 tons of molten iron, 
1000 tons of steel scrap, 200 tons of limestone, 50 
tons of iron ore and quantities of alloy metals to ten 
of these furnaces daily. Melting these materials will 
require the burning of 80,000 gallons of tar per day, 
or its equivalent in oil or coke oven gas. Heat losses 
will be reduced by passing the hot furnace gases 
through a regenerator and through a waste steam 
boiler before they escape into the atmosphere. 

The open hearth department really consists of four 
distinct operating units, víz: scrap loading building, 
charging building, pouring building, and boiler build- 
ing. Electric magnet cranes will handle all scrap in 
charging box cars, and scrap steel either from the 
stock pile, or from various other departments of the 
Ford Motor Company. The boiler building contains 
vertical waste heat boilers from which the furnace 
gas escapes at 3800-400 deg. F. The steam generated 
in these boilers will be used for general plant pur- 
poses. In the same aisle with the boilers are the lime- 
stone and ore bunkers. An automatic skip hoist, 
together with belt and shuttle conveyors, will carry 
this material direct from the railroad cars outside of 
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the building to the bunkers, from which point the 
material will be fed to the charging box cars by 
conveyors and chutes, then mixed with scrap steel 
carefully weighed while in the cars and switched by 
electric locomotives to the open-hearth furnaces. The 
continuous process as used by the Ford Company is 
again fully in evidence. 

The charging aisle is that portion of the building 
where the furnaces are charged with hot metal, scrap, 
limestone, etc. At the extreme end of this building 
is a 600-ton hot metal mixer. This will be filled with 
hot metal direct from the blast furnaces and will hold 
an entire day’s production from one furnace. As metal 
is needed at the open-hearth furnace a large ladle 
resting on the scale platform will be filled by tilting 
the mixer mechanically. This ladle will then be taken 
by crane or electric locomotive to the open-hearth 
furnace and poured into it through a suitable spout 
with the assistance of a 15-ton crane. The scrap 
and other materials delivered in charging boxes will 
enter the furnace through any one of the five doors by 
means of a special machine. This machine, operated 
by one man, will handle all material composing one 
charge in a minimum period of time. Electric con- 
trollers for delivering the furnaces and operating the 
door lifts and furnace-reversing valves will be in- 
stalled on this floor. These controls will be of the 
push-button, magnetic contactor type, similar to those 
furnished in connection with the auxiliary motors in 
the other mills already described. 

The temperature of these furnaces will range up 
to 3200 deg. F. Twice in twenty-four hours the metal 
will be poured out of each furnace into a 120-ton 
ladle suspended from a 175-ton crane. The slag will 
be poured direct from the furnace into a slag car 
on the ground floor, and removed. 

The pouring of ingots and the preparing of the 
molds will be the chief operations in the pouring 
building. Eight ingot molds will be placed in specially 
designed cars which will be grouped into trains 
capable of taking the entire heat, or 100 tons, from 
each furnace. The molds will be carefully cleaned 
before being filled and will be equipped with hot 
tops to allow for the shrinkage of the steel as the 
ingots solidify. Four ingots will be poured at one 
time from the bottom pour ladles. After the ingots 
have solidified and while still hot they will be taken 
to a stripper building located just outside of the main 
open-hearth building and loosened from the molds 
by an especially designed machine capable of stripping 
eight molds at one time. This briefly completes the 
description of the open-hearth operation. 

One other department of interest is known as the 
rail salvage department. This is used for reclaiming 
the steel in rails which were removed from the D.T. 
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& I.R.R. at the time it was taken over by Mr. Ford, 
at which time a great many of the original rails were 
replaced by rails of heavier design. This department 
contains a rolling mill of five stands driven by an 
800-h.p., adjustable-speed, 480/525-r.p.m., full-load 
speed, 250-volt direct-current motor, automatically 
controlled. This motor is direct connected to the 
five-stand mill and also to two flywheels, and is non- 
reversing. The mill is used for reshaping and salvag- 
ing steel rails. Before reaching it they are put through 
a motor-driven shear equipped with one 450-h.p., 100- 
r.p.m., 230-volt pedestal-type bearing, direct-current 
motor. The motor is controlled by a full-magnetic, 
non-reversing, controller provided with dynamic- 
braking resistors and the usual overload, open-field, 
and low-voltage protection. The rails are passed 
through this shear while heated and are cut into strips, 
leaving the center of the rail in approximately a 
round form which is then passed through the rolling 
mill and rolled to the desired shapes. The strips 
salvaged from the rails are cut up in short lengths and 
either remelted or used after machining for various 
manufactured parts. 

The power for the electrical apparatus is all gen- 
erated in the Fordson main power plant. This station 
contains six turbine generators, four of which were 
designed and built complete by the Ford Company’s 
engineers and are rated 30,000 kw., 80 per cent p-f., 
13,200 volts, 3-phase, 60 cycles. The other two are 
General Electric units, 12,500 kw., 80 per cent p-f., 
4600 volts, 3 phase, 60 cycles, which have been in opera- 
tion for ten years. These two machines have operated 


for periods of several months at a time at 25 to 40 


per cent overload without shut-down except during 
week-ends and holidays. 

In order to avoid the necessity for maintaining 
two separate main buses for the 4600 and 13,200- 
volt systems it is planned eventually either to rewind 
the 4600-volt generators for 13,200 volts, and arrange 
the turbines for higher steam temperatures, or to 
replace these units with larger and more modern 
machines of 13,200 volts capacity. 

Full acknowledgment of assistance rendered the 
author in preparing this article is due to F. Allison, 
former Electrical Engineer, and H. L. Maher, Elec- 
trical Department of the Ford Motor Company, who 
supervised installation of all the electrical equipment 
and had charge of its operation and maintenance; 
A. M. Wibel, Mechanical Engineering Department of 
the Ford Motor Company, who handled specifications 
and purchase of steel mill equipment; and F. B. 


Crosby, Electrical Engineer of the Morgan Construc- 


tion Company, whose firm furnished the mechanical 
equipment and acted as consulting engineers for the 
entire project. 
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The Technique of Examining Metals 
Under the Microscope 


Parr III 
MICROSCOPIC AND PHOTOGRAPHIC OPTICS 


By GUSTAV PIRK 
Research Laboratory, General Electric Company 


HERE are several theories 
concerning the nature of 
light, the undulatory or 
wave theory, the electro-mag- 
netic theory, and the quantum 
theory. All of these are, however, 
only theories, and serve merely 
to explain the observed phe- 
nomena. They are of inestimable 
value, as we could not produce 
any optical instruments of any 
value without them. The theory 
which is most used at the present 
day is the wave theory. It has 
for its basis the assumption that 
light is a wave motion, the different wavelengths 
producing the various colors of the spectrum. Accord- 
ing to this theory, light travels in straight lines. 
Under these assumptions a review will now be made 
of the laws of reflection, refraction, diffraction, etc. 
The common defects of lenses and optical systems 
will also be briefly discussed. 


Reflection 

In a medium of uniform density light proceeds in 
straight lines; any pencil of light is bounded by 
straight lines calledrays. A pencil may be considered 
as a “bundle” of geometrically related but physically 
independent rays. 

The original ray coming from a luminous point and 
striking a reflecting surface is called the incident ray. 
Part of it is reflected and part transmitted. The angle 
at which the incident ray strikes a reflecting surface is 
known as the ‘‘angle of incidence,’’ and the angle at 
which it is reflected is the ‘‘angle of reflection.’’ The 
angle of reflection is equal to the angle of incidence 
(Fig. 12). The incident and reflected rays lie in the 
same plane. The intensity of the reflected ray increases 
rapidly with the angle of reflection up to the critical 
angle when total reflection takes place and no light 
is refracted. This phenomenon is the cause of photo- 
graphic halation. 


Refraction 
When light passes from one medium to another, it is 


refracted; that is, its direction relative to that in the 
first medium is altered. Whether or not the ray will 


The previous articles of thts 
series appeared in our issues of 
August and November, 1925, and 
dealt weth the polishing and etch- 
ing of the specimen. In order to 
gain a clear understanding of the 


technique of examining specimens 
some knowledge of the principles 
of optics as applied to photo- 
micography and microscopy 1s 
necessary. These principles are 
discussed in this article.—EDITOR 


deviate toward the normal of the 
separating surface or away from it 
depends upon the density of the 
medium into which the ray is pass- 
ing. If the second medium is opti- 
cally denser, the ray will be 
refracted toward the normal of 
the separating surface, and if it 1s 
optically rarer, it will deviate 
away from the normal of the sep- 
arating surface (Fig. 13). The 
ratio of the sines of the angles 
equals a constant called the 
refractive index of that substance. 
The ratio of the velocities of 
light in the two media is identical with the ratio of the 
sines (equation 1), n being constant for the same two 
media, and for the light of the same quality; or 


sinr ë V: 


Incident Ray 


Y Angle of Incidence 


Y' Angle of Reflection 


v0=90" 


Fig. 12. 


Diagrammatic Exposition of the 
Principles of Reflection 


when n is the index of refraction, + the angle. of 
incidence, r the angle of refraction and V, and ' V: 
the velocities of light in the two media. For air'and 
water n is nearly 4/3 and for air and ordinary crown 
glass about 3/2. 


Complex Nature of White Light 

If a beam of white light be passed through a prism, 
we find that the emergent beam is composed of light 
of many colors ranging from red to blue (Fig. 14). 
The blue and violet rays are refracted the most, 


THE TECHNIQUE OF EXAMINING METALS UNDER THE MICROSCOPE 


while red is refracted the least. This decomposition 
of white light into its component colors is termed 
dispersion, and the succession of colors from dark red 
and orange at the lower end through green, yellow, 
blue and violet at the upper end is called a spectrum. 


Optics as Applied to Lens Systems 

Should it be desired to study minutely the fine 
structure of a metal or in fact any material, a micro- 
scope is employed. If it is wished to reproduce a certain 
object a camera must be employed having a lens 
which will collect the light rays and bring them to a 
focus on a photographically sensitive plate or film. 
It is the purpose of this article to review briefly the 
physical and - geometrical optics of lens systems. 
The chemistry of photography is also very important, 
as the metallographer constantly records the micro- 
structure of his sample by photographic means. 


Types of Lenses 

A lens is a inspired material, usually glass, 
which is bounded by either a plane, a convex or a 
concave surface. Fig. 15 illustrates the commonest 
types of lenses. Lenses are named according to the 
shape of their bounding surfaces, that is, concave, 
convex, plano-concave, etc. 


The Convex Lens 

A simple convex lens is a piece of glass bounded by 
spherical surfaces so related that the glass is thicker 
at the center than at the edges. Such a lens changes 


INCIDENT RAY 


SEPARATING SURFACE. 


ANGLE OF 


PA REFRACTION 


Fig. 13. Diagrammatic Exposition of the Principles 
of Refraction 


the shape of a wave front passing through it. Fig. 16 
shows a convex lens and its effect on a plane wave. 
LL is the lens and WW the approaching plane wave 
front. Suppose the wave WW is travelling in the 
direction of the arrows A-A-A and has just reached 
the position W,W,. In this position the central part is 
just entering the lens, while the edge portions are 
still travelling in air. It 1s evident that the edge por- 
tions will run ahead of the central portion, as the 
velocity of light is greater in air than in glass. Let us 
consider the wave just as the central part is emerging 
from the other side of the lens, taking S as the thick- 
ness of the lens in the center and yp as the refractive 
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index of the glass relative to air. The edge portions 
will evidently have moved to W2W2, so that WW: is 
equal to u S. Thus the edge portions will be ahead 
of the central portions by the distances, u (S—S) or 
S (u—TI). This distance is known as the sagitta of the 
wave and is defined as the vertical distance between 
an arc and its chord. The radius of curvature of a 
circular arc is given by 


rns (2) 


Fig. 14. Diagram Showing the Breaking Up of a Beam of White 
Light by Passing it Through a Prism 
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Fig. 15. Types of the More Common Varieties of Lenses 


Fig. 16. Effect of a Convex Lens on a Plane Wave Front 


where R is the radius of the arc, d the chord, and h the 
sagitta; therefore, we have the radius P of the modified 
wave as d2 
Pan m 3 

85 (wl) de 
As we have chosen a lens the faces of which have 
different radii of curvature, we will designate the 
radius of curvature of one side as R,, and of the othe 


r 
as R. Then, d 
Tas 
SR 
2 (4) 
S 
” 8Re 
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where Sı and S, are the sagittas of the arcs forming 
the two sides of the lens. But evidently, 


S= S1 + S$: (5) 


W 


Fig. 17. Effect of a Concave Lens on a Plane Wave Front 


Substituting this value in the expression for the 
evaluation of P we get, 


A S 


It is evident that P represents the distance from the 
lens to the point where the wave front WW? is con- 
centrated. This distance is called the principal focal 
length of the lens. The point at which the wave is 
concentrated after passing through the lens is known 
as the principal focus. If one face of the lens be plain, 


1 , 
its radius of curvature is infinite, and R for this face 
is equal to zero. To find P for such a lens we have 


merely to substitute in equation (6) and we get, 


a 1 R, és 
~ 1 1} (UD 
(u—1) (+2) 


The Concave Lens 

The simple concave lens consists of a piece of glass 
having one or both surfaces spherical, the lens being 
thinner at the center than at the edges. Á concave lens 
is shown in Fig. 17. The concave as well as the convex 
lens changes the shape of a plane wave front as will be 
presently shown. Let WW represent the approaching 
wave front and LL the lens. For the sake of simplicity 
we will assume the thickness of the lens to be zero 
at the center. It is evident that if a wave passes 
through such a lens the central portion will get ahead 


GENERAL ELECTRIC REVIEW 


Vol. 30, No. 3 


of the edge portions. The distance by which the 
central portion leads the edge portions, after the 
wave has passed through the lens, is S (u— 1) as before, 
S representing the thickness of the lens and p the 
refractive index of. the glass with respect to air. As 
the wave leaves the lens it will be convex, the curva- 
ture being given by equation (3). After this wave has 
passed through the lens it appears as if it were pro- 
ceeding from some point C, which is the center of 
curvature of the modified wave. The distance of the 
point C from the center of the lens is known as the 
principal focal length, and the point C as the principal 
focus. 


Conjugate Foci 

If a spherical wave front proceeds from a point on 
one side of a lens, it is usually brought to a focus at 
another point on the opposite side of the lens. The 
second focal point is known as the conjugate of the 
first. To determine the conjugate point, we proceed 
as follows: Let LL in Fig. 18 represent a double 
convex lens, C a point source from which a spherical 
wave is proceeding toward the lens, and C! the conju- 
gate of the point C. Let a be the radius of the approach- 
ing wave and b the radius of the modified wave as it 
leaves the lens; kh the sagitta of the approaching wave 
and k the segitta of the receding wave. It is evident 
that the distance by which the edge portions lead the 
center portion is equal to the sum of the two sagittas, 
h+k. Therefore, we can say that, 


h+k=s (u—1) | (S) 


the symbols having the same significance as before. 


L 


a ee 


L. 
Fig. 18. Method of Determining the Conjugate Point 
of a Convex Lens 


Now, substituting the values of h and k in terms of 
a and b and S in terms of R; and R, we get 


CAN AM 
sa t867 WD (BRIT SR: di 

or equation 9 is equal to 
11 (242) ss 
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On examining equation (10) more closely, we find 
: 1 
that the expression on the right is equal to Pp and 


finally we have, 


(11) 


The Image Formed by a Convex Lens 

Since the conjugate points C and C! in Fig. 18 are 
on the axis of the lens, their position may best be 
determined by the discussion given above. Points in 
the vicinity of C and C*; but not on the optical axis, 
have conjugate points on the opposite side of the 
lens in the proximity of C. The conjugate points 


which are not on the axis are determined as is shown 
in Fig. 19. L is a convex lens with the principal foci, F 
and F, that is, F is the point at which light waves 
coming from the left would be focused and F; is the 
point where light waves coming from the right would 
be focused by the lens. Let OO! be a luminous object. 
From the point O light waves are proceeding out in all 
directions; these after passing through the lens and 
being refracted, are brought together at the point J, 
while those coming from O! will be brought together 
at the point 1*. The directions of three of the rays will 
be traced to show the method used in locating the 
image. First, the ray a which comes from O proceeds 
out parallel to the axis until it meets the lens L, 
where it becomes refracted downward. It then passes 
through the conjugate point Fı to the point I. 
Second, the ray b passes through the center of the 
lens unchanged in direction. Third, the ray c, 
which passes through the conjugate point F, will, 
after passing through the lens and becoming re- 
fracted, proceed parallel to the axis to the point J. 
Thus, it is seen that the three rays, a, b, and c, are 


Fig. 19. Demonstration of the Inversion of the Image 
with a Convex Lens 


brought to a focus at the point J. It will be noted 
that the image is real and inverted. Also that the 
size of the image is to the size of the object as the 
distance of the image is to the distance of the object. 


The Concave Lens 

In like manner we can prove that the image 
formed by the concave lens is virtual and not in- 
verted, Fig. 20. In Fig. 20, let O and O, be the object 
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and L the lens. We will take three rays, a, b, and c, 
coming from the luminous point O. The ray a, which 
passes parallel to the axis of the lens, appears after 
the lens as if it were coming from a point F; the ray b, 
which goes through the center of the lens, continues 
unchanged in direction; the ray c, which travels in 
the direction OF", will be parallel to the direction of 
the axis of the lens after refraction. These three rays 
seem to come from a point J. This is the image of the 
point O. In like manner we may locate the point J'. 


Fig. 20. Demonstration of the Non-inversion of the Image 
with a Concave Lens 


So far we have not discussed anything beyond the 
images formed by a simple lens. The simple lens, 
however, does not reproduce a perfect image. There 
are several main defects for which a lens, which is to 
magnify an object, must be corrected. These are 
chromatic and spherical aberration and ‘distortion. 


Chromatic Aberration 

When we discussed the passage of a wave through a 
lens, we assumed that ideal conditions prevailed and 
all of the light passed through the lens undistorted 
and undecomposed. Since white light is complex in 
nature, in that it consists of waves of varying wave 
lengths, we have learned that not all of these various 
wave lengths are equally affected in passing through a 
lens. The index of refraction of glass is different for 
light of different wave lengths, being greater for short 
waves than for long waves. The violet rays in white 
light are the shortest and the red rays are the longest. 
When white light passes through a lens it tends to 
become separated into its component colors, and since 
the index of refraction is different for different wave 
lengths, not all colors will be brought to the same 
focal point. The red will be focused at a point farther 
away than the violet. This effect is shown in Fig. 21. 

This defect is eliminated by John Dolland’s dis- 
covery, made in 1758, that flint-glass lenses produce 
relatively more chromatic aberration than lenses of 
crown glass. It is possible to find a combination of a 
strong convex crown-lens with a weaker convex lens 
of flint-gass in which their opposite chromatic 
aberrations neutralize each other. 


Spherical Aberration 

A light wave, after passing through a lens, is not 
quite spherical and, evidently, such a lens will not 
focus a ray sharply. If the image formed by a simple 
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lens be examined, it will be noticed that the edges are 
blurred or “fuzzy.” This is due to the fact that the 
light which passes through the edge of the lens is 
brought to a focus nearer the lens than that which 
passes through the center. This defect is designated as 
spherical aberration (Fig. 22). 

Various methods are employed for eliminating 
spherical aberration. Stops are inserted so that only 
the central portion of the lens is employed. The lens 
may also be ground so that its faces differ slightly 


L 


VIOLET RED 


L 


Fig. 21. Diagram Showing the Principle of Chromatic Aberration 


Fig. 22. 


Diagram Showing the Principle of Spherical Aberration 
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Fig. 23. Various Types of Distortion Produced by Certain 
Lens Characteristics 


from the spherical shape and thereby, for a given pair 
of conjugate focal distances, eliminate the spherical 
aberration. A lens corrected for spherical aberration 
is said to be “an aplanatic lens.” 


Distortion 

If we have an object made up of straight lines, its 
image will be imperfect since the straight lines will 
be reproduced as curved lines. If a rectangular object 
as shown, be reproduced by a lens, it may assume 
either shape, B or C, A being the object. This defect 
is called distortion and is due to the fact that the 
magnifying power of a lens depends upon the angle at 
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which the light enters the lens. If the magnifying 
power be less for the oblique than for the direct rays, 
the distortion will be as shown at B, Fig. 23. This 
type of distortion is called “barrel distortion.” 
Should the magnifying power be greater for the 
oblique than for the direct rays, the distortion will 
be as shown at C or “pin cushion distortion” (Fig. 23). 

This defect in a simple lens is obviated by placing 
two lenses a short distance apart, and a diaphragm, 
with an opening in the center, between them. The 
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Fig. 24. Diagram Showing the Principle of ‘‘Curvature of Field” 
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Fig. 25. Diagram Showing the Optics of the Simple Microscope 
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Fig. 26. Diagram of the Lens Arrangement in Eyepieces 


lenses are of such a nature that they produce opposite 
defects and thus neutralize each other. A lens cor- 
rected for distortion is called a rectilinear lens. 


Curvature of Field 

If a simple lens be used to form an image of a 
plane object, 1t will be found that the points at the 
edge of the object are reproduced nearer the lens 
than those lying in the center of the object. This 
defect is illustrated in Fig. 24 and is known as ““curva- 
ture of field.” This defect is eliminated by introduc- 
ing a double convex lens, and a suitably proportioned 
concave lens, the principal focal lengths of the two 
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lenses acting in combination, being so chosen that 
they produce the desired focal length. This correction 
is of the highest importance in lenses used for repro- 
ducing drawings, etc. 


The Microscope 

The microscope is a combination of lenses so de- 
signed and arranged as to produce an optically 
accurate and enlarged image of a minute object. 
The methods of arrangement and the underlying 
principles will be briefly discussed in the following 
paragraphs. 
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Fig. 27. External View of a Typical Compound 
Microscope 


The Simple Microscope 

- In discussing the formation of an image by a 
convex lens, it was assumed that the distance between 
the object and the lens was greater than the principal 
focal length of the lens. The optics of the simple 
microscope is illustrated in the accompanying 
diagram (Fig. 25). : 

If an object is placed before a lens between the 
principal focal point and the lens, the image will be 
enlarged and virtual, the magnification depending 
upon the principal focal length. Fig. 25 illustrates a 
simple microscope. L is a simple convex lens. F and F? 
are the principal foci of the lens, and the arrow X, a 
luminous object placed before the lens between the 
principal focus F, and the lens. The distance from the 
object to the center of the lens is a, and b is the dis- 
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tance from the image to the center of the lens. If we 
apply the principles studied in the preceding para- 
graphs, the position of the image may be located. 
The eye at A receives the rays ab! as if they 
were coming from J. This makes the image appear 
enlarged. A lens employed in this manner is called a 
simple microscope. Its magnification is easily deter- 
mined as follows: The magnification is the ratio of the 
apparent size of the image to the size of the object 
when placed at the same distance from the eye. The 
normal eye sees things distinctly and comfortably at a 
distance of about 25 cm. In using the simple micro- 
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Fig. 28. Sectional View of a Typical Compound Microscope Showing 
the Lens Arrangement, and the Paths of the Light Beams 


scope, the user unconsciously adjusts the lens until 
the image is about 25 cm. from the eye. The ratio 
between the size of the image and the actual size of the 
object under these circumstances is called the magni- 
fying power of the instrument. Referring to Fig. 25, 
the magnifying power m is given by the simple 
equation 

_ size of image a > (12) 


size of object 
where a is the distance from the object to the center 
of the lens, and b the distance from the image to the 
center of the lens. Equation (11) may be made appli- 
cable to this case, providing b is regarded as being a 


negative quantity, since under the conditions assumed 
in the derivation of that formula, a and b were 
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oppositely directed. Therefore, we have for the simple 
SUEEOSCOP ES or 
a b P 
where P is the principal focal length of the lens. 
Multiplying by b we get 

b 


a 


(13) 


(14) 


where — is the magnifying power given in equation 
a 


(12). Since b=25 cm. for distinct vision, the equa- 
tion for the magnifying power simplifies to 


25 : 
n D +1 (15) 
The Compound Microscope 
It is found impracticable to secure a magnification 
in excess of 100 diameters by means of the simple 
microscope, since P must be made very small. If P 
is small, great eye strain is caused because the eye 
cannot accommodate itself to so short a focal distance. 
In order to obtain higher magnification, a compound 
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microscope is used. The simplest form consists of two 
lenses, an objective and an eyepiece. The objective is 
the lens or combination of lenses near the object, 
which picks up and resolves its fine details into an 
enlarged image. The eyepiece, or ‘‘ocular’’ plays the 
part of a simple microscope giving a magnified image 
of the image, or the one produced by the objective. 
The magnifying power of the compound microscope 
is evidently equal to the magnifying power of the 
eyepiece multiplied by the ratio of the size of the 
object to the size of the image /J' to that of 00!. But 


Therefore we may write for the magnifying 


power of a compound microscope 


25 b 
= A es 
Ús (2+ ): 


Fig. 26 illustrates schematically the lens arrange- 
ment in eyepieces. 

Figs. 27 and 28 show the assembled microscope with 
its stand and accessories, and the latter also shows 
schematically the formation of the image. 
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Replacing Castings with Welded Structural Steel’ 


By W. L. WARNER 
Industrial Engineering Department, General Electric Company 


N machine construction, cast iron finds its widest 
I field of application. No other metal which can 

be cast in complex forms can be produced with 
such ease and at so low a cost. Cast iron has several 
competitors in this field, the principal ones being 
malleable cast iron, cast steel, and the cast brasses, 
bronzes, etc. Each of these materials possesses proper- 
ties not possessed by cast iron, such as greater 
strength, toughness, or non-corrodibility. They are 
also more expensive. However, in the past when the 
conditions of service have been such that cast iron 
could meet them, it has had no competition, but 
the advent and development of fusion welding has 
given a new aspect to this situation. 

The development of improved welding methods 
during the last ten years has placed at the disposal 
of steel and iron workers a process of joining metals 
which 1s rapidly revolutionizing industrial production 
methods. Welding is truly a steel founding process 
applied locally on a small scale. It renders possible 
the joining of metals in a satisfactory way with a 
minimum of time and labor ‘expended in the prepara- 
tion and completion of the job. 

By substituting rolled material for cast material, 
industry is following somewhat along the lines of 


*Abstract of a paper by the author. delivered Jan. 4. 1927, in New 
a cerda a joint mecting of the Metropolitan Sections of the A.S.M.E. 
an W.S. 


past experience, namely, the substitution of rolled 
steel shapes for iron and steel forgings and castings 
because of lower cost and improvement in physical 
characteristics. 

The rolled section is originally a casting but an 
inexpensive one because ordinary foundry methods, 
including patterns, are not employed. This saving 
practically offsets the cost of the subsequent mechan- 
ical working to reduce it to its final shape, during 
which process its grain structure is refined and its 
physical properties improved. Its use in machine 
design permits the application of manufacturing 
methods which often reduce the cost to half that of a 
machined casting of the same weight. Furthermore, 
the use of a rolled section instead of a cast section is 
always desirable wherever possible, due to a reduction 
of the amount of metal required for the same strength 
and stiffness. | 

There is less waste involved in the fabrication with 
rolled material than with castings and the number of 
machining operations is less. It is possible to fabricate 
almost exactly to size, while a certain allowance 
must be provided for in a casting due to shrinkage, 
roughness, and physical variations in the moulding 
operation. 

The. elimination of the pattern shop and pattern 
storage is another feature which is allowed by fabrica- 
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tion of rolled material. This item reduces overhead— 
the great problem of the factory cost department. 

It goes without saying that the use of welding for 
fabrication with rolled shapes makes this development 
more attractive to the designer and fabricator because 
of the flexibility of the process. Rivets could be used 
undoubtedly but when one considers that it is neces- 
sary to work on both sides of a joint to rivet, and 
requires from two to four men, while welding necessi- 
tates one man working from only one side with the 


Fig. 2. 


Completed Steel Gear After Machining froro 
Welded Blank Shown in Fig. 1 


resulting elimination of secondary connecting shapes, 
the process of fabrication by welding becomes more 
attractive than ever. If changes are necessary during 
construction, how easy it is to cut out and fit in pieces 
to make the change, while with a casting, a new mould 
1s usually required. 

There is also the possible chance of using automatic 
welding machines for this work and this procedure 
always makes for reduced costs as is evidenced by 
the general trend of industrial processes at the present 
time. The welding machine will perform continuously 
without tiring, while the manual welder requires a 
certain amount of relaxation and relief from holding 
the arc over long periods. Also the problem of labor 
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turnover becomes less acute where the main depend- 
ence is placed on machines for performing routine jobs. 

The use of automatic welding machines for per- 
forming routine welding operations is always desirable 
whenever the nature of the product is such that the 
work of setting up does not consume more than approx- 
imately one-third of the total time required to com- 
plete the whole job. This condition is, however, relative 
only and should not be considered as a hard and fast 
rule. Figs. 1 and 2 show a method of replacing gear cast- 


Fig. 3. Arc-welded Bulldozer Die 


Fig. 4. Arc-welded Structural Steel Base for Motor-generator Set 


ings by rolled steel plate. The parts are cut from flat 
rolled steel plate by an automatic gas-cutting machine. 
The welding is done by automatic machinery. 

Sometimes it is possible to build up forming dies for 
use in metal presses by welding. When this is done, 
considerable—if not all—machine work may be elimi- 
nated. Fig. 3 shows a welded bulldozer die. These 
replace more expensive cast steel and drop-forged dies. 

One of the earliest changes from castings to welded 
steel construction was on the bases for arc welding 
sets as shown in Fig. 4. This type of construction is 
lighter and cheaper than the casting and stands up 
better under the rough service conditions to which 
these machines are subjected. 
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Perhaps one of the most interesting applications of 
welded structural steel parts to the replacement of 
castings is the work which the General Electric 
Company has been and is now doing with the stator 
frames of electrical machines. The following photos 
represent the result of several years' work. 


~ 


Fig. 5. 
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and contraction, type and design of weld, size of plate. 
jigs, and fixtures, amount of weld, and methods of 
assembly necessitated a very careful study. These 
have, however, been quite successfully solved which 
is another proof that the old axiom, ‘‘Where there’s 
a will, there’s a way,”’ still holds good. 


= - A 
e be -e nano 


Vertical Waterwheel-driven Generator with Welded Steel Frame 


and Exciter Bearing Bracket 


Fig. 6. Synchronous Condenser with Welded Steel Frame and Structural Steel Base 


A completely assembled vertical waterwheel-driven 
generator with welded steel frame andexciter bracketis 
shown in Fig. 5. Fig. 6 shows a synchronous condenser 
with welded steel frame and welded structural base. 

It must not be supposed from the foregoing discus- 
sion that the substitution of welded fabricated shapes 
for castings is taking place without being confronted 
by complicated problems. The problems of expansion 


From the illustrations above, it 1s evident that 
welding is making possible some very startling changes 
in methods of machine construction of various kinds. 
The activity in the structural steel industry at the 
present time is further evidence of the awakening 
interest in the possibilities of the welding process, 
which, after all, is but a new addition to iron founding 
processes. 
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Condensed references to some of the more important recent 
articles in the technical press, and to new books of interest to 
the industry, as selected by the General Electric Main Library. 


Amplifiers, Vacuum Tube 


Notes on the Design of Resistance-Capacity Coupled 
Amplifiers. Sylvan Harris. 
Inst. Radio Engrs. Proc., Dec., 1926; v. 14, pp. 759-763. 
Output Characteristics of ‘Amplifier Tubes. J. C. Warner 
and A. V. Loughren. 
Inst. Radio Engrs. Proc., Dec., 1926; v. 14, pp. 735-757. 


Arc Welding 
Flames of Atomic Hydrogen. Irving Langmuir 
W. Soc. Engrs. Jour., Oct., 1926; v. 31, pp. " 373- 387. 


(Describes the principles of the hydrogen process of - 


arc welding.) 


Armature Windings l 
Theory of the Action of Equalizer Connections in Lap 
Windings. A. D. Moore. 
Elec. Jour., Dec., 1926; v. 23, pp. 624-627. 


Busbars 
Design of Tubular Copper Buses. V. R. Bacon. 
Elec. Wid., Nov. 20, 1926; v. 88, pp. 1066-1068. 


Carrier-Current Communication 
Wired Wireless; Its Application to a 132 K.V. Transmission 


Line. C. W. R. Campbell. 
S. Af. I. E. E. Trans., Oct., 1926; v. 17, pp. 237-247. 


( escribes the system used on ‘the lines of the Victoria 
Falls and Transvaal Power Co., Ltd., South Africa.) 


Cathode Rays 


Production of High-Voltage Cathode Rays Outside of the 
Generating Tube. W. D. Coolidge. 
Franklin Inst. Jour., Dec., 1926; v. 202, pp. 693-736. 


Couplings, Shaft 
Using Flexible Couplings on Motor Drives. Gordon Fox. 
Ind. Engr., Dec., 1926; v. 84, pp. 561-564, 569. 
Electric Cables 


Rubber-Insulated Cable Under 840 Ft. of Water. 
Crawford. 
Elec. Wid., Nov. 27, 1926; v. 88, pp. 1122-1123. 


M. T. 


(Short account of a 15, 000-volt cable, of special con- - 


struction, for service across Puget Sound.) 


Electric Cables— Testing 


High-Voltage Field Testing of Cables. C. L. Kasson. 
Elec. Wid., Nov. 27, 1926; v. 88, pp. 1117-1121. 
(Illustrated description of methods and equipment used 
by the oer Electric Illuminating Company of 
oston. 


Electric Controllers 
Direct Current Elevator Controllers—Operation of a Two- 
Speed Full-Magnet Type. Charles A. Armstrong. 
Powe: Dec. 7, 1926; v. 64, pp. 861-864. 
Electric Current Rectifiers 


Cooling Mercury-Arc Power Rectifiers. O. Seitz. 
Brown Bovers Rev., Dec., 1926; v. 13, pp. 283-288. 


Upkeep and | Operation of Mercury Vapor Rectifiers. J.R. 


Dowdel 
Elec. Wid., Nov. 20, 1926; v. 88, pp. 1069-1071. 


(Practices of the Houston Lighting & Power Co.) 


Electric Distribution 


Calculation of Wire and Conduit Sizes. Max Kushlan. 
Elec. Wid., Nov. 13, 1926; v. 88, pp. 1013-1015. 
(Presents a chart for making calculations. ) 


Electric Drive— Mining 


Electricity and Coal Mining. Daniel Harrington. 
A.I.E.E. Jour., Dec., 1926; v. 45, pp. 1264-1267. 


Electric Heating, Industrial 


Electric Annealing Found Best by User. C. 
Elec. Wid., Dec. 4, 1926; v. 88, 
(Experiences of the Reed Mfg. 


e as Yoder. 
pp. 1167-1171. 
Co., Erie, Pa.) 
Electrically-Heated Commercial Cooking and Baking 
Equipment; Sales and Load Possibilities. R. H. 
Mac illivray. 
Elec. Jour., Dec., 1926; v. 23, pp. 592-595. 


Industrial Electric Heat. Nathan J. Roberts. 
N.E.L.A. Bul., Dec., 1926; v. 13, pp. 753-757. 
(The paper ‘which won first prize in the James H. 
McGraw award of 1926. Serial.) 


Electric Lamps, Induction Type 


New Lamp Has No Physical Connection With Circuit. 
Power, Nov. 23, 1926; v. 64, p. 793. 
(Short account of the principle of a lamp operated 
by induction from a high-frequency circuit.) 


Electric Lighting—Aviation 


Lighting of Obstructions Dangerous to Aerial Navigation. 
z C. H. Biddlecombe. 
Aviation, Nov. 29, 1926; v. 21, pp. 910-912. 
(On the use of signal lights on such obstructions as 
radio masts, tall chimneys, etc., located where likely 
to be struck by airplanes.) 


Electric Lighting—Railroad Yards 


Lighting of Classification Yards. George T. Johnson. 
Rwy. Age, Nov. 20, 1926; v. 81, pp. 972-975. 
(Abstract of an A.LE.E. pacer) 


Electric Locomotives 


Electric Locomotives; A Method of Classifying, Analyzing, 
ene Comparing Their Characteristics. T. A. F. 
tone. 
Engng., Nov. 26, 1926; v. 122, Pp. 674-676. 
(Abridgment of a paper read before the I. M. E. See 
also pp. 669-671.) 


Electric Measurements 


New Summation Scheme; Totalizing the Load of Four 
Stations. Perry A. Borden. 
Elec. News, Dec. 1, 1926; v. 35, pp. 34-38. 

(Describes the thermo-electric system of transmitting 
and totalizing power readings as used by the Hydro- 
Electric Power Commission of Ontario in the city of 
Toronto.) 


Electric Motors, A. C. 


Circle Diagrams of the Three-Phase Shunt Commutator 
Motor. A. H. M. Arnold. 
I.E.E. Jour., Nov., 1926; v. 64, pp. 1139-1151. 
(“A simplified mathematical t eory.’’) 


Effects on Motor Operation of Unbalanced Two-Phase 
Voltage. Clifford W. Bates. 
Elec. Wid., Dec. 18, 1926; v. 88, pp. 1267-1270. 


Electric Motors, Induction 
POU R of Squirrel-Cage Motor Windings. 


Brigg 
Power, Nov. 23, 1926; v. 64, pp. 769-771. 
(Explains the essentials in the construction of various 


“types of windings.) 


B. A. 


Electric Motors—Starting Devices 
Are Reduced-Voltage Starters Necessary on Alternating- 
Current Motors? T. H. Arnold. 

Power, Nov. 30, 1926; v. 64, pp. 809-811. 

How EA Squirrel-Cage Motors Be Started? G. O. 

ilms. 

Power, Dec. 21, 1926; v. 64, pp. 938-941. 

Star-Delta Starter for Induction Motors. 
Engng., Nov. 26, 1926; v. 122, pp. 656-657. 
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Electric Testing 
Low Voltage Testing Outfits. H. M. Sanders. 
Elec. Jour., Dec., 1926; v. 23, pp. 604-608. — 


Electric Transformers 


Advantages and Disadvantages of Various Transformer 
Connections on Three-Phase Circuits. L. F. Goss. 
Elec. News, Dec. 1, 1926; v. 35, pp. 47-50. 


Connecting Transformers to Three-Phase Circuits. L. F. 
Goss. 
Ind. Engr., Dec., 1926; v. 84, pp. 565-569. 


Investigation Into the Sectional Proportions of the Cores 
of Circular Core Type Transformers. B. Garrett. 
Wld. Power, Dec., 1926; v. 6, pp. 292-298. 
(On theory of design.) 


Electrical Machinery, Fires In 
Extinguishing Fires in Hydro Generator Windings. J. 
Elmer Housley. 
Power, Dec. 28, 1926; v. 64, pp. 979-980. 
(Describes a system of spraying water on the wind- 
ings.) 
Fire Hazard of Large Transformers. C. H. S. Tupholme. 
Elec. Rev., Dec. 10, 1926; v. 99, pp. 945-946. 
(“The relief of the tank fault pressure.’’) 


Electrodynamics 
Maxwell's Equations and Atomic Dynamics. Arthur 


Bramley. 
Franklin Inst. Jour., Dec., 1926; v. 202, pp. 775-808. 
Electroplating 
Electroplating on Iron and Steel. William E. Harris. 
Elec'n., Nov. 26, 1926; v. 97, pp. 610-611. 
(Special attention to nickel, chromium, and tin plat- 
ing.) 


Governors 


Operation of the Intermittent Type Governor. 


Kirton. 
Power Pl. Engng., Nov. 15, 1926; v. 30, pp. 1195-1197. 


A. W. 


Heat Insulation 


Insulation of Electrically Heated Equipment. E. A. 
Phoenix. 
Fuels & Fur., Dec., 1926; v. 4, pp. 1465-1468. 
(A discussion of the heat insulation of electric furnaces 
and ovens, heat losses through walls of various 
thicknesses and constructions, etc.) 


High Voltage 
Surge Generating Equipment. D. F. Miner. 
Elec. Jour., Dec., 1926; v. 23, pp. 506-604. 
(Describes circuits and apparatus for producing certain 
high-voltage phenomena for test purposes.) 


Hydroelectric Development 
Bartlett's Ferry Begins Operation With Two Units. 
Power Pl. Engng., Dec. 1, 1926; v. 30, pp. 1268-1270. 
(Describes the Bartlett's Ferry hydroelectric develop- 
ment of the Columbus Electric & Power Co., near 
Columbus, Ga.) 


Joint Board of Engineers' Report on St. Lawrence Power. 
Elec. News, Dec. 15, 1926; v. 35, pp. 32-37. 
(An abstract of the report.) 


Insulating Oils 


Tests for the Determining of the Heat Radiation of a 
Cooler for Transformer Oil. 
Bul. Oerlikon, July-Aug., 1926; pp. 257-260. 


Transformer Oil Handling in Power Plants. Erik G. Sohl- 
berg. 
Power PL. Engng., Dec. 1, 1926; v. 30, pp. 1262-1266. 
(Author is indicated as being in the Construction 


Engng. Dept., Schenectady Works.) 


Insulation 


Controlling Insulation Difficulties in the Vicinity of Great 
Salt Lake. B. F. Howard. 
A.I.E.E. Jour., Dec., 1926; v. 45, pp. 1268-1272. 
(Pertains to telephone insulation problems in this 
district.) 
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Insulation 
Critical Résumé of Recent Work on Dielectrics. L. Harts- 
horn. 
T.E.E. Jour., Nov., 


1926; v. 64, pp. 1152-1190. 
(Report “Ref. L/T14" of the British Electrical and 
Allied Industries Research Assoc. Includes numer- 
ous bibliographic foot-notes.) 


Phase Difference in Dielectrics. J. B. Whitehead. 
A.I.E.E. Jour., Dec., 1926; v. 45, pp. 1225-1228. 


Laboratories 
2,000,000-Volt Research Facilitated at Stanford University. 
Elec. Wld., Dec. 18, 1926; v. 88, pp. 1263-1265. 
(Describes briefly the equipment and research plans 
of the Ryan high-voltage laboratory.) 


Lightning Arresters 
Lightning Arrester Design and Research. H. M. Towne. 
Iron & St. Engr., Nov., 1926; v. 3, pp. 474-481. 


Lightning Protection 
Lightning; A Study of Lightning Rods and Cages, With 
Special Reference to the Protection of Oil Tanks. 
F. W. Peek, Jr. 
A.I.E.E. Jour., Dec., 
(Abridgment.) 


Machinery —-Inspection 


Maintenance of Electric Motors. N. L. Rea. 
Iron & St. Engr., Nov., 1926; v. 3, pp. 461-463. 


Renewal Parts and Renewal Part Records. William S. 
Shirk. 
Iron & St. Engr., Nov., 1926; v. 3, pp. 466-470. 
(Pertains especially to the repair of electrical ma- 
chinery in steel mills.) 


1926; v. 45, pp. 1246-1254. 


Magnetic Field | 


Magnetic Field of the Dynamo-Electric Machine. F. W. 
Carter. 
T.E.E. Jour., Nov., 1926; v. 64, pp. 1115-1138. 
(Theoretical paper.) 
Magnetism 
Magnetostriction. L. W. McKeehan. l 
Franklin Inst. Jour., Dec., 1926; v. 202, pp. 737-772. 


(Includes a bibliography of 48 entries, pp. 772-173.) 


Mercury Boilers 
10,000 B.t.u. per Kilowatt-Hour in Sight at Hartford. 
Elec. Wld., Nov. 13, 1926; v. 88, pp. 1021-1022. 
(An account of progress in the mercury boiler and 
turbine experiments at the Dutch Point station of 
the Hartford Electric Light Co.) 


Mica 
Selecting Commutator Mica for Direct-Current Motors. 
Jesse M. Zimmerman. 
Ind. Engr., Dec., 1926; v. 84, pp. 557-560. 
Power Costs 
Comparative Costs of Industrial Power-Plant Operation. 


Harold Anderson. 
Power, Dec. 28, 1926; v. 64, pp. 970-973, 


Prime Movers 
Landmarks in the History of Prime Movers. H. W. 
Dickinson. 


Mech. Engng., Dec., 1926; v. 48, 1385-1388. 


Radio Engineering —Frequency 
Salt on the Tail of the Broadcast Frequency. 
Strock. 
Pop. Radio, Dec., 1926; v. 10, pp. 773-775, 807-808. 
(On the use of the piezo crystal i in maintaining constant 
frequency of transmission.) 


Morris S.. 


Radio Engineering—Loud Speakers 


Loud Speakers and Their Characteristics. 
man. 
Radio News, Dec., 


M. L. Muhle- 
1926; v. 8, pp. 642-645, 750-752. 


Radio Engineering—Reception—Interference 
Effect of Temperature on Signal Strength. E. E. Free. 
Pop. Radio, Dec., 1926; v. 10, pp. 763-765, 856-857. 
(Presents results of tests conducted by Dr. L. W 
Austin of the U. S. Bureau of Standards.) 
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-Radio Engineering—Reception—Interference 
How a Low Barometer Affects Radio. Eugene Van Cleef. 
Radio Broadcast, Dec., 1926; v. 10, pp. 152-153. 
Simultaneous Atmospheric Disturbances in Radio Teleg- 
raphy. M. Baumler. 
Inst. Radio Engrs. Proc., Dec., 1926; v. 14, pp. 765-771. 


Radio Engineering— Transformers 


Supersonic Transformers. N. W. McLachlan. 
Wireless Wld., Nov. 10, 1926; v. 19, pp. 631-634. 
(Serial. ) 


Radio Engineering— Transmission 
Radio Signal Strength and Temperature. L. W. Austin 
and I. J. Wymore. 
Inst. Radio Engrs. Proc., Dec., 1926; v. 14, pp. 781-784. 


Railroads— Electrification 


Electric Traction on the Great Northern. 
Rwy. Age, Nov. 27, 1926; v. 81, pp. 1029-1032. 

(An account of the Baldwin-Westinghouse motor- 
generator type locomotives to be used, as well as 
other details.) 

Great Northern Electrification Progress. 
Rwy. Elec. Engr., Dec., 1926; v. 17, 407-410. 
iS type locomotives are being tried 
out. 


Short Circuits 


Short-Circuit Currents. G. Cluley. 
Elec. Rev., Dec. 10, 1926; v. 99, pp. 943-945. 
(‘Calculations on a large interconnected three-phase 
distribution system.” Serial.) 


Short-Circuit Currents in H. T. Networks. J. Biermanns. 
AEG Prog., Nov., 1926; v. 2, pp. 273-279. 
(Excerpt, in English, from the author's book ‘‘Uber- 
stróme in Hochspannungnetzen.”) 


Speed Regulation 
Importance of Close Speed-Regulation in Driving Ma- 
chinery. G. F. Charnock. 
I.M.E. Proc., No. 4, 1926; pp. 843-856. 


NEW 


Edison, the Man and His Work. George S. Bryan. 350 pp., 
1926, N. Y., Alfred A. Knopf. l 


Electric Circuit Theory and the Operational Calculus. John R. 
Carson. 197 pp., 1926, N. Y., McGraw-Hill Book Co., Inc. 


Electric Transients. Ed. 2. Carl E. Magnusson. 237 pp., 
1927, N. Y., McGraw-Hill Book Co., Inc. 


Elementary Heat and Heat Engines. F. G. R. Wilkins. 
312 pp., 1926, N. Y., Oxford Univ. Press. 


Elementary Steam Engineering. Ed. 2. E. V. Lallier. 
pp., 1926, N. Y., D. Van Nostrand Co. 


Engineering Metallurgy; a Text Book for Users of Metals. 
Bradley Stoughton and Allison Butts. 441 pp., 1926, N. Y., 
McGraw-Hill Book Co., Inc. 
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Steam Plants 


Economic Value of Increased Steam Pressure. 
Engr., Nov. 12, 1926; v. 142, pp. 534-537. 
(A paper read before the I.M.E. See also editorial on 
this paper, p. 533. Serial.) 


Recent Experiments on the Properties of Steam at High 
Pressures. 
Engng., Nov. 26, 1926; v. 122, Pp. 649-650. 
(Abstract of a lecture by Prof. H. L. Callendar before 
the Royal Society of Arts.) 


H. L. Guy. 


Substations 


Standardization Principles in Substation Design and Con- 
struction. M. L. Sindeband and Philip Sporn. 
Elec. Wld., Nov. 20, 1926; v. 88, pp. 1055-1059. 


Switches and Switchgear 


aay of Modern Electrical Switchgear. Gilbert C. 
amb. 
Power Pl. Engng., Dec. 15, 1926; v. 30, pp. 1326-1330. 
(Discusses the factors involved in designing switchgear 
for heavy duty.) 


Vacuum Switching Experiments at California Institute of 
Technology. Royal W. Sorensen and Hallan E. 
Mendenhall. 

A.T.E.E. Jour., Dec., 1926; v. 45, pp. 1203-1206. 
(Includes a list of seven bibliographic references.) 


Turbine-Generators 


Details of Hudson Avenue 80,000-Kilowatt Turbine Unit. 
Power, Nov. 30, 1926; v. 64, pp. 815-822. 

(Illustrated description of a turbine-generator in the 

Hudson Avenue Station of the Brooklyn Edison Co.) 


Voltage Regulators 


Direct-Acting Automatic Regulator. Othmar K. Marti. 
Elec. Wid., Nov. 13, 1926; v. 88, pp. 1015-1017. 
(Illustrated description of a regulator that can be 
adapted to various uses such as voltage, power, 
and speed regulation, automatic synchronizing, and, 
` short-circuit current limiting.) 


BOOKS 


Geometry of Engineering Drawing; Descriptive Geometry 
by the Direct Method. George J. Hood. 290 pp., 1926, 
N. Y., McGraw-Hill Book Co., Inc. 


Notes on the Induction Motor. H. E. Dance. 152 pp., 1926, 
Lond., Oxford Univ. Press. 


Power Plant Testing. Ed. 3, enl. James A. Moyer. 609 
pp., 1926, N. Y., McGraw-Hill Book Co., Inc. 
Principles of Refrigeration. Wiliam H. Motz. 657 pp., 


1926, Chic., Nickerson & Collins Co. 


Ed. 5. L. B. Mackenzie and H. $. 
479 pp., 1926, Chic., Welding Engineer 


Welding Encyclopedia. 
Card, Editors. 
Pub. Co. 
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New uses for 


Surface Air Coolers 


The enclosed system of ventilation, using G-E Surface 
Air Coolers, is an unqualified success in turbine-gener- 
ator cooling. Its superiority in this service has led to 
its application to synchronous condensers, frequency 
changer sets, and waterwheel generators. 


G-E Surface Air Coolers provide enclosed ventilation 
for these 12,000-kw. Frequency Changers in the Vestal 
Substation, Southern California Edison Co. 


G-E Surface Air Coolers have these advantages for the 
operator of electric machines: 


1. Only clean, cool air is permitted to circulate 
through the machine. 


EE ca aa 2. Fire hazard is greatly lessened, as the air contained 
The ventilating air in this in the system can support but little combustion. 
system is cooled by passing : , KA 
over the finned surface of 3. The compact construction requires the minimum 
water-cooled tubes. Ask our amount of duct work. 
nearest sales office for Bul- 
letin GEA-226. 4. The volume of water required is small. This is an 


especially valuable feature where the water supply is 
limited. If necessary, salt water can be used. 


5. This system confines the sound waves and the hot 
ventilating air, thereby improving operating room 
conditions. 


A specialist in the nearest sales office will explain fur- 
ther advantages of this enclosed system of ventilation. 
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TO TRAVEL MORE RAPIDLY IN GREATER COMFORT AND SAFETY 


A two-unit train consisting of two motor coaches each with a trailer on the Chicago Terminal Electrification of the Illinois Central Railroad. 
By multiple-unit trains up to ten cars in length, this railroad now furnishes to 25,000,000 passengers annually an electrified 
t service that is 10 to 24 per cent faster than the former steam schedules 


In This Issue : A Series of Eleven Special Articles Describing the 
Chicago Terminal Electrification of the Illinois Central Railroad 
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HE Vertical Floating Head Heater shown above is designed for 900 

lbs. per square inch working pressure within the tubes. It is one of 
the four stage heaters for the new 90,000-kw. unit at the Crawford 
Avenue Station of the Commonwealth Edison Co., Chicago, Ill. High 
boiler pressures increase the possible gain from stage heating and make 
it economical to use more stages and to heat to a higher final tem- 
perature. 


Notice the staybolting and the heavy construction of the floating head 
cover. The design of a heater for high pressure is in some ways more 
exacting than the design of a boiler for the same pressure due to the 
necessity of providing a tight flanged joint 4 or 5 ft. in diameter bolted 
against full boiler pressure. 
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A NEW STANDARD OF SUBURBAN SERVICE 


The fondest desires of many of Chicago's commuters 
have been brought more nearly to a reality by the 
suburban electrification of the Illinois Central Rail- 
road, formally opened in August, 1926. By this far- 
sighted policy on the part of the management of the 
railroad, and the judgment and aggressiveness of its 
engineers, this progressive transportation company 
has made available to its millions of patrons a 
service which is not surpassed in this country or 
abroad. | 

An electrification of this magnitude and importance, 
involving the transportation of millions of passengers 
annually, requires an exactness of performance which 
can be obtained only by careful consideration of all 
phases of the problem, the combination of which 
provides a successful transportation system. 

That all engineering features, as well as those 
equally important matters which relate to the travel- 
ing public, were fully considered and adopted only 
after the most careful study and investigation, is best 
shown by the information presented in this issue of 
the Review by those engineers who successfully 
carried out the responsibilities for this important 
undertaking. 

Recognizing that the contact of the traveling public 
with the railroad, and consequently its judgment of 
the service provided, would to a large extent be in- 
fluenced by the type of car in which it travels and by 
the rapidity with which the journey is completed, 
careful thought and study was given to these two 
factors which so largely affect the success of a trans- 
portation system. 

A notable feature of the car selected is the con- 
sideration given to the safety and comfort of passen- 
gers. The car body 1s of metal construction, using the 
highest grade of materials, and the spacious platforms 
are completely vestibuled and equipped with doors 
of a safety type. 

That the comfort of the traveling public was given 
full attention is best shown by the provision of wide 
doors and aisles, comfortable seats with ample space 
between them, good ventilation, and excellent lighting 
facilities. 

The reduction of 10 to 24 per cent in schedule 
running time made possible by electric drive is the 
best illustration of the desire on the part of the 
railroad company to provide the traveling public 
with modern rapid transportation. 


Next to the rolling stock, the most important 
feature of an electrification of this magnitude is the 
power supply. The decision of the engineers respon- 
sible for the success of this exacting service to purchase 
power from existing power companies having several 
generating stations and transmission lines insures an 
uninterrupted supply of power and relieves the rail- 
road company of the necessity of constructing and 
maintaining transmission lines on its own right-of- 
way. In addition, the railroad company obtains a 
more reliable power supply due to the larger number of 
generating stations and varied routing of transmission 
lines. 

The same careful attention to detail with a view to 
insuring reliability of service was given to the conver- 
sion equipment in the substations. This installation is | 
the first in which mercury-arc power rectifiers have 
been used for a steam-road electrification in this 
country. Synchronous converters in most cases are 
installed in the same station with the rectifiers. 
Special design features of these converters provide a 
close regulation of the voltage to comply with the 
railroad company’s specifications. 

The feeder distribution system is also an example of 
modern methods of power distribution to insure 
protection not only to the substation equipment but 
also to the motor equipment of the cars. The high- 
speed circuit breaker is the most important element in 
this protection. 

The installing of overhead equipment on a railroad 
carrying such dense traffic as the Illinois Central 
was a notable achievement. One of the articles in this 
issue deals with this subject, describing the methods 
which were used to avoid all possible interruptions to 
the regular service. 

The facilities for inspection and repairs are also 
discussed and here again the importance of uninter- 
rupted service is emphasized. 

Every detail of this installation was thoroughly 
studied and carefully worked out. The equipment 
involved was selected only after most careful investi- 
gations and tests, and its performance has fully 
justified the judgment and expectations of the engi- 
neers responsible for carrying out this undertaking. 

Thus it has come about that the electrified suburban 
service on the Illinois Central Railroad is successfully 
providing a most exacting traveling public with a new 
era in transportation. H. L. ANDREWS 
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Selection of System and General Features of 
Illinois Central Electrification 


Origin of the Electrification— Extent of Program—Four Systems Considered—Suburban Trackage— 
Institution of Electric Service—Traffic Totals 


By W. M. VANDERSLUIS 
Electrical Engineer, Chicago Terminal Improvement 


- 


N July 21, 1919, the City 

Council of the city of Chi- 

cago passed what is com- 
monly known as the “ Lake Front 
Ordinance.” This three-party con- 
tract between the city of Chicago, 
the South Park Commission, and 
the Illinois Central Railroad Com- 
pany covered the release by the 
railroad company of its riparian 
rights along Lake Michigan, be- 
tween East Roosevelt Road and 
51st Street; extensive grade revi- 
sions by the railroad company in 
this territory, to permit of the 
construction of viaducts and sub- 
ways to the lake; exchange of 
certain pieces of property; and 
the electrification of the railroad within the city 
limits. The approval of the War Department was 
required, as the filling of certain submerged lands was 
involved. 

The ordinance which was finally approved by all 
concerned provided specifically for the electrification 
of the suburban service within the city limits by Feb. 
21, 1927, the freight service north of East Roosevelt 
Road by 1930, the freight service south of East Roose- 
velt Road to the city limits on the main line by 1935, 
and the through passenger service of the Illinois Cen- 
tral and Michigan Central railroad companies by 
1940, provided a certain proportion of the tenant 
roads then using the passenger station on East Roose- 
velt Road are electrically operated at that time. 

After the passage of the ordinance and its ac- 
ceptance by all parties, the immediate problem of 
the railroad company was to settle on the system 
of electrification to be used. In view of the apparent 
great differences in opinion among the engineers of 
the country as to the proper system, there was ap- 
pointed by the president of the railroad, in 1920, 
a Commission to make recommendations covering 
the electrification as provided by the ordinance; 1.e., 
to include suburban, freight, and eventually through 
passenger electrification of the Chicago Terminal. 

This Commission was composed of the late A. S. 
Baldwin, Vice-president, Chicago Terminal Improve- 
ment, Chairman; D. J. Brumley, Chief Engineer, 
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Chicago Terminal Improvement; 
Bion J. Arnold, Consulting Engi- 
neer; George Gibbs, Consulting 
Engineer; Dr. Cary T. Hutchinson, 
Consulting Engineer; and the 
writer, Engineer-Secretary. Hugh 
Pattison was retained as Electrical 
Engineer of the Commission in 
charge of the compilation of such 
data as required. 

The Commission considered the 
following systems: 

(1) 750-volt, direct current with 

third rail. 

(2) 1500-volt directcurrent with 
overhead contact. 
3000-volt, direct current with 
overhead contact. 

(4) 11,000-volt, single-phase, alternating current 

with overhead contact. 

Complete first cost, maintenance, and operation 
estimates were prepared to cover the four systems. 

In September, 1922, the Commission recommended 
the 1500-volt, direct-current system with overhead 
contact, on the basis that it was a terminal electri- 
fication only, with no prospects for immediate exten- 
sions over adjacent main-line divisions. The recom- 
mendations were approved by the president. 

The Commission was relieved of its duties and the 
work of electrifying the suburban service undertaken 
by the Chicago Terminal Improvement organization, 
with F. L. Thompson, Vice-president, and D. J. Brum- 
ley, Chief Engineer, in charge of the work. The firm 
of Gibbs & Hill was retained as Consulting Engineers, 
passing on all general electrical engineering matters 
and on important details. 

The tracks electrified for suburban service cover 
the following on the main line south: 

Randolph Street to 11th Street—1.3 miles, 2 main 

tracks and 1 equipment lead. 

11th Street to 51st Street—4.9 miles, 6 main tracks. 

51st Street to 116th Street (Kensington)—8.1 miles, 

4 main tracks. 

115th Street to Matteson—13.7 miles, 2 main tracks. 

In addition to the station tracks for 46 cars at the 
northern terminus, Randolph Street, there is a 
storage yard for 56 cars just south of Van Buren 
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Street for day storage of trains that terminate there; 
day storage for 110 cars in the vicinity of 16th Street, 
where the light inspection shed is located; turnaround 
tracks for one train at 53rd and 69th Streets; night 
storage yard for 50 cars at Kensington; and night 
storage for 52 cars at Matteson. 

There is a branch line to South Chicago leaving the 
main line at 67th Street with 4.5 miles of double 
track. Night storage for 72 cars is provided at 83rd 
Street and for 36 cars at South Chicago on this line. 

A single-track branch line extends from the main 
line at Kensington to Blue Island, 4.4 miles, with 
night storage for 34 cars at that terminus. 
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gency movements at Homewood, near mile post 23 
and at the south end of the storage yard at Mat- 
teson. When the permanent layout is put in north of 
22nd Street, plants will be installed for the six-track 
four-track ending south of Van Buren Street and for 
the terminal layout at the new Randolph Street sta- 
tion now under construction. 

Actual electric operation was started with four local 
trains each way between Randolph Street and Hyde 
Park on July 21, 1926, seven months before the time 
required by the ordinance. This service was gradually 
built up on the steam time-table basis, and on August 
29, 1926, the first electric time-table was put into effect. 
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Reproduction of an Oil Painting Typifying Electrified Suburban Service at the 
Chicago Terminal of the Illinois Central Railroad 


Necessary track facilities are also provided at the 
electrical overhaul and heavy inspection shops, in 
Burnside Yard. These include a test track approxi- 
mately a mile in length. 

The final location of all suburban tracks on the main 
line will be on the west side of the right-of-way; but 
as the new through passenger terminal at East Roose- 
velt Road has not been started, all suburban tracks are 
located temporarily to the east of the present through- 
passenger layout between 8th Street and 22nd Street. 

Interlocking plants are provided for the six-track 
four-track ending at 51st Street, the South Chicago 
Railroad connection at 67th Street, the four-track 
two-track ending and Blue Island Railroad Junction at 
Kensington, which also includes a double-track con- 
nection to the tracks of an electrified tenant line, the 
Chicago, South Shore and South Bend Railroad. 
Additional interlocking plants are installed for emer- 


The electric schedules have decreased the old 
steam running time between terminals from 10 to 24 
per cent, this decrease depending on the number and 
location of the intermediate stops. Additional trains 
have been added until there is at the present time 
a total of 475 scheduled trains on a normal week day, 
including trains of the C.S.S. & S.B. operating be- 
tween Kensington and Randolph Street. The train- 
miles are about 215,000 a month and the car-miles 
are running about 870,000 a month. Approximately 
25,000,000 revenue passengers are now carried yearly. 

This service, with its heavy concentration of trains 
during the morning and evening rush hours, requires 
a most reliable power supply, a comparatively heavy 
distribution system with a flexible sectionalization 
scheme, and adequate equipment. 

How this has been accomplished is described in the 
following articles. 
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Power Supply and Distribution System for 
Illinois Central Electrification 


Principal Features—Power Purchased at Right-of-way—Distribution by Railroad—Sectionalization— 
Control—Supply for Miscellaneous Purposes 


By G. I. WRIGHT 
Assistant Electrical Engineer, Chicago Terminal Improvement 


HE most interesting features 2 

of the power supply for the E 

Illinois Central electrifica- y 
tion are: 

(1) The power is delivered at 
the railroad's right-of-way by the 
power companies in the form in 
which it is used by the trains, t.e., 
1500 volts direct current; and these 
companies own and operate the 
conversion substations 

(2) The magnitude and density 
of the train loads. Ten-car multi- 
ple-unit trains will be operated, 
each train having a motor capacity 
of 5000 h.p., drawing 3500 amp. or 
5250 kw. during acceleration, and 
760 amp. or 1140 kw. average. 
In addition, all freight switching and through pas- 
senger movements will be handled with electric 
locomotives in the electrified territory. 

(3) The problem of conversion of alternating cur- 
rent from a very large capacity 60-cycle power supply 
system with short heavy a-c. supply lines into 
1500-volt direct current to furnish a low-resistance 
direct-current distribution system with a service of 
exceptional reliability. This conversion is accom- 
plished by the use of 3000-kw. synchronous convert- 
ers and mercury-arc rectifier sets. 

(4) The d-c. sectionalization system, which main- 
tains high average voltage to the trains, automatically 
isolates short defective sections of the overhead, and 
gives the highest degree of protection to equipment 
and overhead yet obtained, by interrupting fault cur- 
rents so quickly that these do not ordinarily attain 
a damaging value. 

(5) The use of remote supervisory control for in- 
dication to, and control by, the railroad’s power super- 
visor of all d-c. feeder circuit breakers in substations 
and at sectionalization points. 


Power Generation and Transmission 

One of the reasons for the Illinois Central's de- 
cision to purchase power from the Commonwealth 
Edison and subsidiary companies, rather than build 
its own generating plant, was the ability of the power 
companies to supply the railroad from several power 
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plants, laying their lines over vari- 
ous routes and serving each sub- 
station from a sufficient number of 
lines to prevent an interruption on 
any one of them from interfering 
with the operation of the sub- 
station supplied. 

The power for the electrification 
is generated at the Crawford Ave- 
nue, Calumet, Fiske, and Quarry 
Stations of the Commonwealth 
Edison Company, the first two be- 
ing the latest and most efficient 
stations of this company. It is 

. also generated at the Joliet and 
Blue Island Stations of the Public 
Service Company of Northern 
Illinois, while other stations of 

both companies are tied into the network and are 
available if needed. The railroad is thus relieved of 
the necessity for constructing and maintaining : 
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Fig. 1. 24-hour Load Curve of the Suburban 


Electrification System 


transmission lines along its right-of-way, and obtains 
more reliable power supply due to the larger num- 
ber of generating stations and varied routing of 
the lines. 

The railroad's present load, as shown in Fig. 1, is 
about 20,000 kw. maximum hourly demand; and 
while this is large for a single consumer it is a 
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comparatively small addition to the total load of the 
power companies. This naturally insures greater re- 
liability and lower generating cost due to the use of 
larger units and better system load-factor. 

The power supply to the 
substations is all 60-cycle, 
and in the Commonwealth 
Edison territory inside 
the city limits is by means 
of 12,000-volt, 3-phase 
underground feeders. Out- 
side the city limits, in the 
Public Service territory, 1t 
is by means of 33,000- 
volt, 3-phase transmission 
lines. 


Substations 

The power is converted 
in substations owned and 
operated by the power com- 
panies and located either 
on their property or on 
property leased from the 
railroad. They were located 
(see frontispiece) partic- 
ularly for the railroad’s re- 
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Fig. 3. Interior View of Brookdale Substation Showing 3000-kw. 2-unit Synchronous-converter Sets 


are spaced six miles apart. The size and type of units 
are as follows: 


16th Street.......Three3000-kw.synchronousconverter sets 


Brookdale... ... :::.. Two 3000-kw. synchronous converter sets 
One 3000-kw. mercury arc rectifier set 

Front Avenue..... Two 3000-kw. synchronous converter sets 

A AAA One 3000-kw. synchronous converter set 


One 3000-kw. mercury arc rectifier set 
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Vollmer Road..... One 3000-kw. synchronous converter set 
One 1500-kw. mercury arc rectifier set 

Cheltenham....... Two 3000-kw. synchronous converter sets 
AAA One 1500-kw. mercury arc rectifier set 


Total installed capacity....42,000 kw. 


= 


The Vollmer Road Substation of the Public Service Co. of Northern Illinois, 
Located in a High-class Suburban Residence District 


The operation of the sub- 
stations by the power com- 
panies is the first case of 
this kind for a large steam 
road electrification. The 
power companies are here 
a “supply' company in 
the true sense of the word, 
supplying the energy to the 
consumer in the form and 
at the place where it 1s to 
be used. The railroad com- 
pany is left to concentrate 
its activities on conduct- 
ing transportation, which 
is primarily its business, 
and incidentally is relieved 
of a large investment in 


substation buildings and 
apparatus. i 
All the substations are 


arranged for manual oper- 
ation and under the con- 
tract may be used to supply other customers, either 
railway or light and power. The buildings are 
attractive in appearance and roomy, and are laid out 
to permit of expansion to take care of future freight 
and through-passenger electrification of the railroad. 

The incoming a-c. line and converter switchboards 
consist of truck-type equipments. The synchronous 
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converter sets consist of 
twoshunt-wound 1500-kw., 
750-volt, 60-cycle synchro- 
nous converters, perma- 
nently connected in series 
to make up 3000-kw. units. 
Each pair of converters 
and its air-cooled trans- 
former are mounted on a 
common bedplate with the 
transformer between, thus 
making a most compact 
unit. As the a-c. switching 
1s handled on the high- 
tension side of the trans- 
former, the secondary leads 
between the transformer 
and the slip rings are re- 
duced to the shortest pos- 
sible length. The convert- 
ers are equipped with flash 
barriers and high-speed cir- 
cuit breaker protection,and 
have operated most satis- 
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factorily. Flashovers with their resulting damage 
have been practically eliminated. The overload rat- 
ings are 150 per cent rated load for two hours, 300 
per cent for one minute. 

The rectifier sets consist of two 750-kw. or two 
1500-kw. 1500-volt bowls operating in parallel; 
and, in all cases but one, are installed in substations 
with synchronous converters and operate in parallel 
with the converters in the same substation. The rec- 
tifier overload ratings are 150 per cent rated load for 
20 minutes, 300 per cent for one minute. 

In order to meet the voltage-regulation require- 
ments of the railroad, which are that the voltage 
at the substation bus must not fall below 1400 volts 
during all normal load conditions, it was decided to 
equip the converters with separate automatic excita- 
tion, using a specially developed scheme known as 
counter e.m.f. regulation. Each converter set is pro- 
vided with its own exciter, the armature of which is 
connected permanently in series with the shunt-field 
coils of the converter. This combination is connected 
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Fig. 4. Interior View of Harvey Substation Showing a 3000-kw. 2-unit Synchronous- 


converter Set and a 3000-kw. 2-unit Mercury-arc Rectifier Set 
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Fig. 5. Diagram of 1500-volt Surburban Electrified Tracks, 


across a c.e.m.f. motor bus for regulating the con- 
verter field current. This bus is common for all sets 
in a station. The voltage is regulated on all sets simul- 
taneously by the c.e.m.f. set. The c.e.m.f. voltage is 
in turn controlled by an automatic voltage regulator 
connected to the 1500-volt d-c. bus, together with an 
automatic four-circuit motor-driven rheostat. The 
automatic voltage regulator works in the usual way, 
while the four-circuit rheostat compensates for vary- 
ing a-c. supply voltage and also protects the machine 
against excessive reactive kv-a. at all loads. 

The outgoing 1500-volt direct-current feeders are 
equipped with 2000-amp. high-speed circuit breakers, 
mounted in truck-type switching equipments. There 
is also a 3000-amp. high-speed circuit breaker in 
both positive and negative machine leads. The sys- 
tem is designed so that overloads and short circuits 
on the feeders will open the feeder circuit breakers 
involved and will ordinarily not affect the machine 
breakers. If, however, the total load distributed on 
several feeders is not sufficient to open the individual 
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feeder breakers, but exceeds the capacity of the 
machine, the machine negative breaker opens and cuts 
in resistance which limits the current to 300 per cent 
of the normal rated capacity of the machine. If this 
load is maintained for more than four seconds, the 
positive breaker opens, disconnecting the converter 
from the bus. This selectivity between feeder and 
machine breakers is being obtained in all cases except 
where short circuits are very close to the substations. 


Sectionalization of Distribution System 

The distribution system of the railroad was laid 
out so that the wires over each track are separate 
electrically from those over adjacent tracks, and 
can be sectionalized at substations and at points 
half way between substations where there are cross- 
overs in the tracks and interlocking plants to control 
train movements. This sectionalization is automatic 
in case of trouble on the distribution system, or 
can be obtained by opening the circuit breakers 
involved. At the sectionalization points between 
substations, the railroad has installed tie stations 


which consist of a bus connected to the trolley 


wire over each track through a high-speed truck- 
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and thus give better voltage at the trains than would 
otherwise be obtained. The tracks are usually oper- 
ated in one direction only, and in the morning the 
north-bound tracks are the heavier loaded and in the 
evening the south-bound. The tie between all tracks 
thus serves to equalize the currents flowing and thus 
decrease the voltage drop. 

Selectivity between short circuits and power 
loads is facilitated by the inherent characteristic 
of the high-speed circuit breaker which causes it to 


- be more susceptible to short-circuit currents with a 


high rate of rise than to normal load currents. 
The circuit breakers open on most abnormal occur- 
rences on the car equipment or overhead, such as 
motor flashovers, slight grounds of any kind, severe 
wheel slipping, etc. While these openings result in 
momentary power interruptions, they prevent any 
appreciable burning of the equipment or overhead 
and the trouble is thus much easier to repair than 
were the burning more extensive. 

The automatic sectionalization of faulty sections is 
also assisted by the fact that the tie station breakers 
operate somewhat faster than those at the substa- 
tions. This differential is obtained by energizing the 
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type circuit breaker. In the 
event of trouble on any 
track, for example between 
51st and Brookdale (Fig. 5), 
the circuit breakers at these 
two points feeding the trol- 
ley over this track would 
open automatically, thus kill- 
ing this section; and if it 
were necessary to leave it 
dead for some time, the 
trains could be routed 
around this section by using 
crossovers at 51st and Brook- 
dale, which are under the 
control of interlocking plant 
operators. In addition to sec- 
tionalizing the affected sec- 
tions, the tie stations serve 
the purpose of tying the 
copper over all tracks together 
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Fig. 6. Control Desk of the Power Supervisor in the Power Supervisor’s and Train Despatcher’s Office 
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holding coils of the tie-station breakers from the 
1500-volt trolley, whereas the holding coils of the 
substation breakers are energized from a constant- 
voltage battery source. With a short circuit or ground 
near the tie station, the voltage on the holding coils 
and the resulting flux is decreased, in effect lowering 
the tripping setting of the breakers which open 
before the substation breakers feeding the tie-station 
bus through other feeders. The high-speed breakers 
are uni-directional in tripping; 1.e., they trip due to 
load in the normal direction only. Reverse current 
tends to hold the breaker in and compensates for 
reduced voltage on those breakers on other sections 
feeding into the tie-station bus. There is therefore 
little difficulty in obtaining selectivity of breakers 
at the tie stations, the breaker feeding into the faulty 
section being the only one that opens. It should be 
noted that the selectivity which has been described 
is obtained in about 100th of a second. Selective 
operation that has been obtained in the past, that 
in alternating-current circuits, has always been by 
means of time-limit relays with consequent delayed 
operation. 

To energize a section, the substation breaker is 
first closed and this impresses voltage on the asso- 
ciated tie-station breaker, causing it in turn to close 
automatically. This very simple system of auto- 
matic reclosing makes unnecessary the use of voltage- 
measuring or feeling-out apparatus. 

The tie stations are unattended and therefore, 
although the circuit breakers are automatic reclosing, 
it was necessary to provide some system of remote 
indication and control. 


Supervisory Remote Control 

The railroad company has made a complete installa- 
tion of supervisory control for all substation and tie- 
station circuit breakers serving the traction distribu- 
tion system. The control and indication are centered 
in the railroad company’s power supervisor's office, 
located in the Randolph Street building at the north 
end of the suburban lines, where knowledge of the 
entire power system is at once coordinated. The power 
supervisor and train dispatcher occupy a joint office 
and are in constant contact, which greatly facilitates 
the movement of trains in case of trouble and also 
expedites the reporting and correcting of troubles 
of all kinds. It is the power companys’ responsibility 
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to maintain sufficient power on the substation buses, 
and the railroad company directly controls all the 
feeders to its distribution system. In the event of 
failure of the supervisory control, or for any other 
reason, the substation operator can take over this 
control of his circuit breakers, operating them on 
orders from the power supervisor. Due to the 
number of circuit breakers in the ultimate instal- 
lation, it was decided to install three groups of 
supervisory control with three line wires to each 
group. All these wires are in the regular railroad 
telephone cables. 


Miscellaneous Light, Power, and Signal Power Supply 

In addition to the direct-current supply, 2300 /4000- 
volt, 4-wire, 60-cycle grounded-neutral distribution 
is also provided for miscellaneous station light and 
power and other uses. This is supplied from the trac- 
tion substations, in which are 12,000/4000-volt 
transformers and oil switches for the railroad's 
feeders. Duplicate lines are provided on the most im- 
portant portions of the system, lines being run over- 
head on the catenary structures. Where the loads 
are important, automatic throwover switches are 
provided, these operating on the failure of the pre- 
ferred line. The 60-cycle a-c. signals are supplied with 
power by single-phase 2300-volt duplicate lines run 
on the catenary structures, fed from the traction 
substations through one-to-one ratio insulating trans- 
formers. The a-c. feeder switches are all operated 
manually by the substation operators on the orders 
of the railroad’s power supervisor. 

Induction feeder regulators are provided for the 
4000-volt light and power substation buses, and the 
railroad can require regulators in individual feeders 
if found to be necessary. 

In order to avoid paralleling the substations on the 
4000-volt side, the light and power lines are sectional- 
ized at points midway between substations and air- 
break pole-top switches are provided for emergency 
connections. The duplicate signal lines, however, 
are run through from substation to substation and 
are provided with feeder oil circuit breakers at each 
end. The breakers on opposite ends of the two feeders 
between substations are left open so that a failure 
of either line or either substation would not affect 
the other line. This has resulted in a very high degree 
of reliability of signal power supply. 


183 


Tie Stations and Supervisory Control for 
Illinois Central Electrification 


Function of Tie Stations—Simplicity of the Equipment—Its Operation—Method of Centralizing 
the Control —Interlocking Features of the Supervisory Control—Operation of the 
Control— Its Results 


By C. L. DOUB 
Assistant Engineer, Chicago Terminal Improvement 


T certain locations between 
A substations and at stub. 
ends of the traction dis- 
tribution system, the Railroad 
Company has provided switching 
and tie stations, which are com- 
monly referred to as “‘tie stations.” 
These stations have a three-fold 
purpose in that they provide for 
sectionalizing of tracks, they im- 
prove voltage regulation by the 
paralleling of feeders, and they 
also provide reduced distribution 
losses due to the more economical 
utilization of copper through par- 
alleling. 

Six tie stations are provided 
initially and additional stations 
will be provided at later times. Four of these 
tie stations, namely, Monroe Street, 11th Street, 
51st Street, and Homewood, are at interlocking 
plants (or hand-operated plants). The other two, 
Matteson and South Chicago, are at stub ends of the 
distribution system, and serve primarily to parallel 
two-track sections, except that at Matteson a third 
feed is provided for a suburban coach yard. Monroe 
Street Station is at the stub end of the north terminus 
of the suburban electrification and provides for 
paralleling of feeds as well as for promoting flexibility 
of power supply. The llth Street Tie Station is 
unusual in that it is located between a substation 
and stub end tie station. It is essential for the pur- 
pose of sectionalizing tracks, and, since it is less than 
one mile from East 16th Street substation, it is not 
of primary importance for voltage regulation or 
economy of energy. It is in a sense a point of power 
supply, since the entire feed north of this point is 
obtained through the tie station bus. This station is 
a temporary one and will be removed when suburban 
tracks through this territory are relocated and re- 
arranged in connection with the building of a new 
through passenger station at Roosevelt Road (12th 
Street). 


Tie Station Equipment 
Feeders from the tie stations serve each track 
independently and each connects through a high- 
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speed circuit breaker to the tie 
station bus. These breakers are 
rated at 2000 amperes continu- 
ously and have been demonstrated 
to have a rupturing capacity of 
over 50,000 amperes. Actual con- 
tinuous loads are much below this 
capacity at the present time, and 
inasmuch as these loads, in general, 
consist only of interchange current 
between various feeders, they are 
naturally considerably lighter than 
corresponding substation feeder 
loads. The breakers, as are the 
substation feeder breakers, are 
truck mounted, together with the 
necessary control devices. This 
mounting promotes a simplicity of 
station design, with finished appearance. It assures a 
maximum of protection to maintenance men, as well 
as other employees at times requiring access to these 
unattended stations. Of special importance is the ease 
and safety of inspecting and maintaining the high- 
voltage equipment, since all parts are necessarily dead 
when such work is done. It is occasionally found 
desirable to take advantage of the ability to inter- 
change equipment in a negligible time. 

The high-speed breakers are of the type rather 
generally known at this time, in which the contacts 
are held closed by means of a holding coil constituting 
an electrical latch. Tripping of the breaker on over- 
load or short circuit is effected by the series current 
creating a flux which “bucks” the holding-coil flux 
and allows powerful springs to open the contacts. 
Contacts are designed to have a minimum of inertia 
and therefore can be accelerated in the shortest 
possible time. In parallel with the “bucking bar” 
(the flux from which reduces the holding flux) is an 
“inductive shunt” consisting of a copper bar made 
inductive by being surrounded by iron laminations. 
Short circuit current is therefore choked back in the 
inductive shunt and caused to flow through the buck- 
ing bar, whereas current of normal loads distributes 
between the two paths in the ratio of their ohmic 
resistance. The current in the bucking bar only is 
effective in tripping the breaker, hence a higher value 
of total current is required for tripping on useful 
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loads than on short circuits. That is, the breaker 
discriminates between short circuit and useful load. 
The various tie station breakers are set to trip on 
overloads of from 4000 to 6000 amperes, the settings 
depending on the conditions of the respective cir- 
cuits, whereas they will trip on short circuits of 
about one-third or one-half of these values. 


Fig. 1. Exterior of Homewood Tie Station 


All of the high-speed breakers have a trip-free clos- 
ing mechanism. They are frequently called upon to 
close upon short circuits, and no difficulty has been 
experienced in such action. During initial testing and 
adjusting of the feeder system, dead short circuits 
were repeatedly put on lines at points immediately 
adjacent to breakers, and it has not been found neces- 
sary even to clean contacts 
after a large number of 
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an uncleared short circuit, the tie breaker will not even 
make a momentary attempt at reclosing because the 
short circuit will prevent voltage from building up at 
the tie breaker. This holding-coil circuit is under the 
control of the railroad power supervisor through the 
supervisory control system, by which he can open or 
close the 1500-volt control feed. The operation of his 
“trip” function opens the breaker or locks it out if 
already open, and the operation of his ‘‘close’’ function 
closes the 1500-volt control circuit to the point of 
supply,and allows the breaker to close when voltage 
is restored to the predetermined value. In ordinary 
cases of tripping, the power supervisor does not per- 
form any operation of the tie breaker, simply allowing 
it to close automatically after the closing of the sub- 
station breaker. 

In certain cases it is dei to close tie station 
breakers independently of other voltage supply on 
the section. This is essential north of 11th Street 
since there is no source of 1500-volt supply for these 
feeders other than the 11th Street Station. It is also 
required in connection with the remotely-operated 
contactors adjacent to tie stations, so that power 
may be restored to the short sections of feeders over 
interlocking tracks, when these sections are segregated 
from the substation supply by means of the contactors. 
To accomplish this, a scheme of control, commonly 
referred to as the “three control” equipment, is used. 
The supervisor has three control functions over these 
breakers; viz., “trip,” “close from feeder,” and “close 


such interruptions. 


Control of High-speed Breakers 

Tie station breaker hold- 
ing coils are energized 
normally from the feeder 
side of the respective 
breakers. Reset coil cir- 
cuits are fed during the 
closing operation from the 
same 1500-volt control 
supply. The breaker thus 
provides automatic reclos- 
ing upon the principle of 
voltage restoration. That 
is, when a tie station and 
a substation breaker feed- 
ing a given section of track 
are opened by overload or 
short circuit, the tie sta- 
tion breaker remains open 
until voltage is restored on 
the section by the closing 
of the substation breaker. 
In the event of closing the 
substation breaker upon 


Fig. 2. 
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Interior of 11th St. Tie Station Showing Ten Feeder Trucks. 
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from bus.” He may thus close these breakers by 
connecting the 1500-volt control circuit directly to 
the tie station bus. The feed may later be transferred 
to the feeder side of the breaker without opening the 
breaker. This control requires the use of ““anti-pump” 
relays, so that in the event of closing of breakers 
upon short circuits they will not repeatedly reclose. 
These relays, however, do not lock out the breaker, 
but may immediately be reset for another closing by 
operation of the tripping function through the super- 
visory control. 

The diagram, Fig. 3, shows the schematic circuits 
for the three-control trucks. The circuits for the 
ordinary ‘‘two control” truck are similar, except for 
the elimination of the anti-pump relays and the 
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Fig. 3. Schematic Wiring Diagram Showing the Circuits Used on the “Three-control” Trucks 


relays for changeover from bus to feeder control. 
Since line voltage is variable, it is advisable to prevent 
application of low voltage to the reset coil, which 
might not be sufficient to close the breaker and would 
therefore allow the reset coil to be energized con- 
tinuously and probably burned out. The time delay 
relay provides a voltage measuring feature, and will 
pick up only when voltage is high enough to complete 
the reclosing operation. The time delay of this relay 
is set at from five to ten seconds, so as to assure stable 
voltage conditions upon a section before the tie 
breaker attempts to reclose. The other 1500-volt 
devices are auxiliary to the reclosing operation and 
provide for momentarily increasing holding-coil cur- 
rent in order to assure sealing in of the breaker as 
well as providing for the proper de-energizing of the 
reset coil after the breaker has closed. 


Tie Station Battery Supply 

Tie stations contain 120-volt lead storage batteries 
of moderate capacity, primarily for operation of the 
auxiliary relays upon feeder trucks and the auxiliary 
contactor of the remotely-operated sectionalizing 
contactors. As previously explained, the station 
battery is relieved of holding-coil and closing-coil 
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current for the breakers, by obtaining this supply from 
the 1500-volt lines. 

Tie stations at llth Street and 51st Street have 
ten circuit breakers and several contactors. Batteries 
are of 5l-ampere-hour capacity, and are charged 
from a 1000-watt motor-generator set. Monroe 
Street Station, with three circuit breakers and one 
contactor, and Homewood Station, with four circuit 
breakers and one contactor, have each a 34-ampere- 
hour battery, charged from a 500-watt motor-gener- 
ator set. Matteson and South Chicago tie stations 
have only three and two circuit breakers, respectively, 
and a 17-ampere hour battery each, charged by Tun- 
gar rectifiers. 

The motor-generators are run from single-phase, 
110-volt supply, and have 
automatic control panels. 
All charging equipment is 
operated continuously and 
actually carries the load of 
the tie station equipment, 
with batteries on floating 
charge. Batteries have suffi- 
cient capacity for carry- 
ing the station load for a 
reasonable time in case of 
failure of charging source. 
Batteries are relievedsome- 
what by having local indi- 
cating lamps fed from a 
separate lamp bus, which is 
cut off when no attendants 
are in the station. Relays 
are being installed in tie stations to give supervisory 
indication at Randolph Street in case of a battery 
being drained sufficiently to threaten complete dis- 
charge, so to assure the prompt dispatch of a mainte- 
nance man to the station. 
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Transfer Bus 

Each tie station is provided with an auxiliary or 
transfer bus and a 2000-ampere disconnecting switch 
to connect any feeder or feeders to this bus. In the 
event of removal of a circuit breaker truck for any 
considerable length of time, the corresponding feeder 
may be paralleled with any other feeder selected 
and the two fed through one breaker. This transfer 
bus also provides emergency closing of the ordinary 
two-control equipments without energizing feeders 
at the substation end; 2.e., voltage may be ap- 
plied to the feeder side of such trucks momentarily 
through the transfer bus from some other feeder, 
thus providing control voltage for closing the cir- 
cuit breaker. This circuit breaker will then remain 
closed by back feed from the tie station bus, 
after the transfer switch is opened. The transfer 
bus provides a simple but very effective emergency 
feed. 
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Remotely-operated Contactors 


In conjunction with certain tie stations and sub- 
stations are installed remotely-operated contactors 
of 1500-ampere capacity, mounted upon catenary 
structures at special points of sectionalization of 
overhead wiring. These contactors are of the simple 
electromagnetically-operated type, and each is en- 
closed with an auxiliary contactor in a wooden 
housing. By their means sections of the 1500-volt 
feeders between substations or between substations 
and tie stations are normally tied but may be dis- 
connected so that a comparatively long section serving 
regular track may be cut off 
if faulty, and power fed 
into the remaining section 
of the feeder serving short 
lengths of main and cross- 
over tracks in interlocking 
plant limits. Since sub- 
stations and tie stations are 
located at interlocking 
plants, each contactor is 
within a short distance of 
one of these stations and 
is controlled from a panel 
in the station. The con- 
tactor control panel is in 
turn connected with the 
supervisory control in the 
station so that the power 
supervisor has control and 
indication for all con- 
tactors. They aid greatly 
in prompt rerouting of 
traffic in cases of trouble. 

Control and indication 
are provided between contactor and substation 
by three No. 14 wires from the station 120-volt 
battery circuits. The main contactor circuit operates 
on 1500 volts and is local within the contactor 
box, being closed by an auxiliary contactor with 
1500-volt contacts and 120-volt operating coil, the 
latter being connected to the circuits from sub- 
stations. Indication is obtained by one additional 
control wire only, connected through one interlock 
on the main contactor and serving both station and 
supervisory indications by means of an auxiliary 
relay on the control panel. 

Contactors are provided with blowout coils and 
arc chutes, and would interrupt considerable load 
under emergency conditions. They are however, 
non-eutomatic in tripping, and overloads or short 
circuits are cleared by the high-speed breakers 
serving these sections. The contactor therefore 
serves merely as a remotely-operated disconnect- 
ing switch and generally is opened before power is 
restored to the section by means of the high-speed 
breakers. 


Fig. 4. 
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SUPERVISORY CONTROL 


The supervisory control is of the selector type. 
It was developed from the apparatus that has been 
used for a number of years by many railroads for 
selective ringing on train dispatchers’ telephone lines. 


Randolph Street Supervisor’s Office 


The supervisory control serves seven substations 
and six tie stations along the right-of-way. Six stand- 
ard lamp and key cabinets designed for control and 
indication of twenty circuit breakers each are mounted 
directly upon a special desk in the supervisor’s office 
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Supervisory Control Desk and Typical Apparatus Cabinets, Randolph Street Supervisor's Office 


(Fig. 4). Present connections to these cabinets in- 
clude 32 tie station circuit breakers, of which eight 
have three control functions each, 38 substation 
breakers, and nine sectionalizing contactors, a total 
of seventy-nine switches, in addition to checking 
keys for all of these devices. Provision is being made 
for addition of indication of other features in tie 
stations. These cabinets include a pair of red and 
green lamps for each device indicated, and an operat- 
ing key for each control function; 1.e., one key for the 
““close'” operation and one key for “open.” Three 
keys are required for the ““three-control'” tie station 
feeder breakers. All operating keys are within easy 
reach of the supervisor when seated at the operating 
desk. 

The operating apparatus, including selectors for 
receiving indications, lockout relays, control relays, 
etc., are mounted in ten small steel apparatus cabinets 
also located in the supervisor’s office. The principal 
source of power for the supervisory control system 
is a 24-volt, 51-ampere-hour lead storage battery for 
lamps and local control relays, and a 192-volt, 
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6-ampere-hour lead storage battery for sending im- 
pulses over line wires to substations. Both batteries 
are kept on floating charge by Tungar rectifiers. 
The entire equipment, including lamp and key cab- 
inets, apparatus cabinets, and storage batteries, 
occupies a space of about eight feet by fourteen feet. 

The supervisory control equipment operates over 
three wires, two being required for the operating 


Fig. 5. Interior of the 11th Street Tie Station Showing Two Supervisory 
Control Panels (at right , One Control Panel for Three Contac- 
tors (middie) and One Battery Charging Panel (left). 
1000-watt motor-generator set for battery 
charging is shown above the board 


and indicating impulses, and a third for a lock-out 
circuit to prevent two stations conflicting by sending 
codes at one time. The number of codes that can be 
used on one set of three wires is, however, exceeded 
by the amount of apparatus now and later to be 
controlled, and apparatus is arranged in three groups 
with separate control wires.for each group. These 
groups operate independently, and control and indi- 
cation may therefore be performed on them simul- 
taneously. One supervisory group serves Monroe Street 
and lith Street Tie Stations, and 16th Street Sub- 
station, lines being only about two miles long but 
serving a total of 24 switches, with 101 operating and 
indicating functions. The second group serves 5lst 
Street Tie Station and Brookdale Substation on the 
Main Line, and then extends on the South Chicago 
Branch to serve Cheltenham Substation and South 
Chicago Tie Station. These line wires have a total 
length of about thirteen miles and serve 28 switches 
with 113 functions. The third group serves Front 
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Avenue, Harvey and Vollmer Road Substations, 
and Homewood and Matteson Tie Stations, all on 
the Main Line, and Laflin Street Substation on the 
Blue Island Branch. The length of route on the Main 
Line is about 29 miles and on the Blue Island Branch 
about three miles. The group serves 27 switches with 
110 functions. In addition to the present 324 operating 
and indicating functions are 25 functions used for 
checking of indications at will. 

All supervisory line wires are in telephone cables 
owned by the Railroad Company and installed along 
the right-of-way. Most of the wire is 16-gauge, but a 
small amount is 19-gauge. All wires, including laterals 
to stations, are in lead-covered cables, those on the 
north end of the terminal being in underground duct 
lines and the remainder being run overhead on catenary 
structures or on wood pole lines. Lines are thus free 
from inductive troubles, and have a maximum of 
protection from weather conditions and outside ob- 
structions likely to cause grounds, short circuits, etc. 

The groups and lines have been laid out to have 
sufficient capacity for the control of facilities for the 
freight and through passenger electrification con- 
templated, which will involve at least twice the 
amount of equipment described above. 


Supervisory Control in Substations 

Supervisory control apparatus installed in substa- 
tions 1s owned by the Railroad Company and the 
supervisory devices proper are located upon panels 
separate from the 1500-volt feeder trucks. Certain 
auxiliary relays required in connection with the 
control of the truck are mounted directly upon the 
feeder truck panel, and the feeder trucks retain the 
ordinary hand control devices for the use of the sub- 
station operator. The control is so arranged that 
both the power supervisor and the substation operator 
must concur in closing by setting their respective 
devices in the closed position, but either party can 
open the breaker at will. Normally, complete control 
may be retained by the power supervisor, but the 
substation operator can trip the breaker in case an 
emergency should arise. He may also take over control 
of the breaker if requested to do so by the power 
supervisor. ‘‘Anti-pump”’ relays are required as 
auxiliary to the supervisory control feature to prevent. 
the breaker closing and tripping repeatedly in case 
it should be closed upon a short circuit. These devices 
lock the breaker open when it trips automatically, 
and the power supervisor must perform a ‘“‘trip’” 
operation in order to reset the circuits for another 
attempt at closing. The closing operation may then 
be repeated at once. 


Tie Station Supervisory Control 

The supervisory equipment proper is identical to 
that used in substations and is mounted upon switch- 
board panels separate from feeder trucks (Fig. 5). 
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Auxiliary relays are also mounted upon feeder truck 
panels, and three-control breakers include anti-pump 
devices similar to those used for substation breakers. 

Substation and tie station supervisory equipment 
are operated by means of a 24-volt tap from the 
station 120-volt lead storage battery. The power 
requirement for the supervisory control is very 
small, being required only for driving the one- 
twentieth horse-power motor of the motor sending 
key and for energizing the telephone type supervisory 
relays, all of which operate only when indications 
are being sent. The 24-volt tap is also drained slightly 
by the sending of the codes on the line wires, con- 
nections being arranged so that this battery serves 
during actual operation as a booster in series with 
the 192-volt storage battery at the supervisor's office. 


Operation of Supervisory Devices 

The selectors are operated by codes of impulses, 
each code consisting of three groups of impulses 
sent over two of the line wires. Each selector has 
four contact points corresponding to four different 
codes and thus controls four functions. Any selector 
will respond only to a specified basic code; for example, 
8-3. This selector will then operate upon four codes 
based on these initial impulses; namely, 8-3-6, 8-3-8, 
8-3-10, and 8-3-12. Operating keys in the power 
supervisor's cabinets govern the groups of impulses 
by closing contacts intermittently. They are set in 
each case for the established code and this code is 
sent simply upon turning the key and allowing it to 
return by spring action. About eight seconds is 
required for each code sent or received. 

Indication from the substation to the supervisor's 
office is also performed by means of a code, but in 
this case the code must be sent by means of a frac- 
tional horse-power motor driving a code wheel similar 
to the hand-operated key. One driving motor serves 
four breakers (8 indications) by driving four separate 
code wheels through frictional clutches, which nor- 
mally are held by latches while the clutches slip. 
Through suitable intermediate relays, interlocks upon 
circuit breakers start the driving motor and release 
the proper code wheel to send the code established 
for the indication required. Selectors at the super- 
visor's office which receive these impulses are identical 
with those in substations for operation of equipment, 
but by use of a scheme using polarized impulses, 
each selector governs eight indications instead of 
only four. 

Lockout relays are arranged in the supervisor’s 
office and substations so that it is impossible for two 
codes to be sent simultaneously on the line wires. 
These relays prevent a motor key starting while 
other codes are being sent, and cut off circuits from 
hand-operated keys. They also prevent two motors 
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starting simultaneously. The relays, in effect, store 
up indications at substations and send them in 
successively when a number of operations occur at 
one time. Pilot lights upon the supervisor’s key and 
lamp cabinets indicate when the group 1s locked out 
so that the supervisor will not perform operations 
at such times. An audible signal is also given while 
codes are coming in, to direct the supervisor's atten- 
tion. Operation by the supervisor would, however, 
not cause any failures of codes coming in, since 
lockout devices are adequate to prevent any conflict. 


Checking of Substation Equipment 

In order that the supervisor may at any time check 
the conditions of any circuit breakers, thereby also 
checking the proper performance of the supervisory 
control, checking keys are included in the super- 
visor's lamp and key cabinets. Each key, through 
the operation of a selector in the substation, governs 
one motor key which in turn sends indications for 
four breakers. Checking consists of sending a reversed 
indication and then the correct indication for each 
device connected with the motor key governed, 
leaving the supervisor’s lamps with the correct indi- 
cation. 


Group Operation 

The supervisory control lends itself to certain 
group operation of circuit breakers and this has 
already been tried with success for the clearing or 
closing of a number of selected breakers by operation 
of one key only. This saves time in operation since 
about eight seconds is required for each code sent 
or received. The application is limited by the arrange- 
ment of codes and its use also tends to restrict the 
total number of codes that may be used upon one 
supervisory group. 


Operating Results 

Although this type of control has been used pre- 
viously on a number of railway installations, this 
constitutes the largest application of the selector 
control yet made. In troubles involving a large 
number of circuit breakers, speed of operation would 
be somewhat greater by other more elaborate and 
more expensive systems of supervisory control avail- 
able, and with a greater number of line wires. In 
general, however, this control has proved adequate 
for Operating conditions on the Illinois Central 
system, and has given prompt and reliable service. 
Apparatus faults have not been excessive. There 
have been a few cases of troubles with line wires, 
although these have not been excessive in view of the 
fact that the rather extensive battery control wiring 
in substations and tie stations is tied together through 
the use of common batteries. 
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Rail Bonding of the Illinois Central 
Electrification 


Preliminary Service Tests—Determination of Most Suitable Bond—Bonding Additional Tracks Not 
Electrified—Impedance Bonds—Special Bonding 


By R. M. ALLEN 
Power Supervisor, Chicago Terminal Improvement 


S there is considerable vari- 
A ation in the form of rail 
bonds and the method of 
applying them, the selection of the 
type best suited for a particular 
installation requires careful study 
of operating and maintenance con- 
ditions. The requirements are: the 
maintaining of alow-resistance con- 
tact between adjacent rail ends 
that will withstand the constant 
pounding of cars passing over the 
rail joints and permit of the ex- 
pansion and contraction due to 
extreme changes in temperature, 
without appreciably interfering 
with the upkeep of the rail joints, 
such as the removal of splice bars, 
tightening of bolts, etc. 

To facilitate the selection of the standard joint 
bond best suited for the Chicago Terminal, a test 
installation of 1600 bonds of seven different types 
was made on the terminal tracks in May, 1924. These 
bonds were closely observed, and in March, 1925, 


their resistance was measured. A careful study was. 


made of the average resistance of each type of bond, 
the number of failures and their causes, obstruction 
to track repairs, etc., on the type of rail joint used 
by the Illinois Central. With this information and 
analyses of the economy and current capacity of the 
various types of bonds, a standard joint bond was 
selected. 

The economic investigations consisted of deter- 
mining the annual charges, including cost of energy 
loss in the return circuit, maintenance and deprecia- 
tion, and interest on initial investment. 

The resistance losses in the return circuit were 
estimated for various sizes and types of rail bonds. 
The cost of these energy losses were then calculated, 
assuming the cost per kilowatt-hour to be that derived 
from the total electrical energy used for traction pur- 
poses. The cost of these losses was added to the 
estimated maintenance and depreciation costs and 
interest on the investment. Fig. 1 is a set of curves 
showing the variation of these annual charges with 
varying bond size and with two different types of 
bonds, viz., the short gas-weld type and the 30-in. 
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expanded pin-terminal type. It 
was concluded from a study of this 
curve that the energy losses in the 
return circuit would not be de- 
creased materially by using bonds 
of larger copper cross-section than 
a No. 2/0 A.W.G. size. The inter- 
est and maintenance (including 
depreciation), however, increase 
rapidly with the size of bond. The 
total annual charges, therefore, will 
be a minimum for a certain size 
of bond, as seen in Fig. 1. The 
curves also show that the annual 
charge for the 30-in. pin-terminal 
type of bond is considerably greater 
than for the short bond. 

The study of the current-carrying 
capacity of various sizes and types of bonds was thor- 
ough. Temperature limits were considered carefully, 
allowance being made for the fact that the bonds would 
be made of flexible annealed copper and could there- 
fore be subjected to higher temperatures than are 
advisable for hard-drawn copper or insulated cables. 
Also, the effect of the close contact of the bond with 
the rail was considered; the conduction of heat from 
the bonds into the rails through the bond terminals 
and through the side contact being an important 
factor in cooling the bond. The magnitude of the 


«rail currents was determined, as was also the minimum 


size of bond necessary to carry the maximum rail 
current that will exist in 1932, assuming two bonded 
rails per track in all cases. (Where single-rail bonding 
of a track is necessary, double-bonding per joint was 
assumed. ) 

The sizes of bonds decided upon as being of the 
smallest cross-section necessary to carry the current 
were No. 4/0 A.W.G. (212,000 cir. mils) for the short 
gas-weld type and 300,000 cir. mils for the 30-inch 
pin-terminal type. 

Since the sizes of bonds selected for current-carrying 
capacity were larger than the sizes indicated to be 
most economical in annual charges, current-carrying 
capacity became the determining factor. The 30-in. 
pin-terminal bond was discarded in favor of the short 
gas-weld bond for economic reasons. Where long 
bonds are necessary, as in the bonding of special 
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track work, 300,000 cir. mil flexible copper cable 
was decided upon as the conductor with the ter- 
minals welded on in the same way as for the short 
bonds. 

Fig. 2 is a photograph of the standard joint bond 
first selected. The cable is No. 4/0, 127-strand copper, 
7 in. between terminals when formed and 8l% in. 
between terminals unformed. The terminals are of 
copper tubing, 21% in. long, bell-shaped where the 
cable enters. Both the terminals and the ends of the 
copper strands are welded to the rails with oxy- 
acetylene gas, a No. 10 gas tip being used. The bond 
is placed slightly to one side of the joint to clear the 
track wrench. 


Annual Cost in Dollars 
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Fig. 1. Curves of Operational Costs of the 30-in. Pin-terminal and 
the 7-in. Gas-weld Types of Bond, Plotted to Aid in the Selection 
of the Bonds for the Suburban Tracks Only 


These bonds however were found to be subject 
to damage due to boys turning the loop up over the 
rail so that trains ran over them. All replacements are 
therefore being made with standard U-type bonds, 
an example of which is shown in Fig. 3. The bond 
cable consists of two No. 1 A.W.G. flexible con- 
Cuctors, with an unformed length of 8 in. The ter- 
minals are of steel with copper sleeves. 

Approximately 45,000 standard joint bonds were 
used, bonding 156 track miles. 

One of the first considerations in the design of the 
negative return was the number of tracks to be 


bonded. The initial electrification, recently completed, ` 


included only the suburban tracks. Two freight 
tracks and two through-passenger tracks, extending 
the full length of the terminal, are to be electrified 
later. The bonding of these non-electrified tracks in 
crder to utilize as many rails as possible in the return 
circuit was investigated and found advisable in 
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some sections due to voltage drop which was 
limited by electrolysis consideration. Increasing the 
size of rail bond does not materially affect the 
voltage drop because the resistance of the short 
bond is small compared to the resistance of the 33-ft. 
rails. 

The bonding of additional tracks, not electrified, 
furnishes supplementary negative feeders connected 
to the rails of electrified tracks at cross bonds, thus 


Fig. 2. Type of Standard Rail Joint Bond Later Superseded 


by the Type Shown in Fig. 3 


utilizing the conductivity of the additional rails. No 
other supplementary feeders were used. The standard 
rails used by the Illinois Central weigh 90 lb. per yard 
and have an equivalent copper conductivity of 
approximately 936,000 cir. mils each, or 1,872,000 
cir. mils per track. 


Fig. 3. U-type Rail Joint Bond Eventually Selected as Standard 


Another factor affecting the decision to bond 
additional tracks, not electrified, in certain sections, 
was the desire to use one standard size of bond 
throughout the terminal. In the sections where 
non-electrified tracks were bonded, the rail currents 
were greatest and a larger bond for standard 
rail joints would have been necessary than for other 
sections. 

Fig. 4 is a diagram showing the bonded tracks. 
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Impedance Bonds 

On all main-line tracks the rails are a part of the 
automatic signal circuits which are of 60-cycle 
alternating current. At intervals of approximately 
2000 ft., the rail joints are insulated, separating 
adjacent signal blocks. The negative return must of 
course be continuous around these joints. This 1s 
accomplished by an impedance bond which consists 
of two coils of copper having low resistance and high 
reactance. 


South Chicago 
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Fig. 4. Diagram of the Bonded and Not-bonded Tracks 
of the Chicago Terminal 


Such a coil in a d-c. circuit would act as a choke 
coil. However, the traction current in each rail is 
equal and in the same direction, but in opposite 
directions through the two halves of the impedance 
bond. That is, the direct current flows from the neutral 
point of the impedance bond in both directions or 
from both directions to the neutral point of the im- 
pedance bond. The magnetizing effect of the direct 
current is therefore neutralized as long as the bonding 
is maintained in good condition and the current 
remains equal in the two rails. 
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Bonding of Special Track Work 

At points where there is a large amount of special 
track work the switching of trains is controlled from 
interlocking towers. Within the limits of interlocking 
towers the signal blocks are short and insulated 
joints frequent, and the cost of impedance bonds at 
these points would be very large. Also the leakage 
of signal current through so many impedance bonds 
would be too great. 

Single-rail track circuit was therefore resorted to 
within the limits of interlocking plants. One rail is 
used for traction energy without insulated joints 
and both rails used for signal circuits with insulated 
joints in only one rail. Each rail joint on the rail 
used for traction current is bonded with two standard 
bonds to obtain double current capacity. As pre- 
viously stated, this does not decrease the voltage 
drop proportionally. 

The bonding of frogs, switches, slip switches, 
and all special track work was done with 300,000- 
cir. mil bare cables in loom, taped at the terminal. 
In some cases where very long bonds were necessary, 
parkway cable was used and buried two feet under 
ground. To prevent excessive leakage of signal 
current and also to reduce electrolysis to a minimum, 
all special bonds were carefully insulated. 

As far as was practical, every piece of special track 
work was carefully bonded for two reasons; to mini- 
mize the potential difference between rail and ground, 
thereby reducing electrolysis, and to maintain auto- 
matic signal protection against the breaking or removal 
of any special track work or part of it. Special ter- 
minals, and tools for applying them in the field, were 
designed. Most of the special bonds were cut and 
terminals applied in the storehouse, however. 
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Fig. 5. Layout of Typical Slip-switch Bonding for Single-rail Track Circuit 


Impedance bonds of 500- and 1000-amp. capacity 
were used in this installation, the capacity being 
expressed in amperes per rail. 

The connections of the impedance bonds to the 
rails were made with 300,000-cir. mil bare cable 
covered with standard wood trunking when run 
along track, and in loom fastened to the side of a 
cross tie when run across track. The cable for these 
connections was cut and terminals applied in the 
storeroom, the same kind of terminal being used as 
for other special bonds. The rail end of the connection 
was welded to the rail and the other end bolted to the 
impedance bond, terminals being supplied on the 
impedance bond. 


In most cases slip switches are operated from inter- 
locking towers and are therefore bonded for single- 
rail track circuit. This increased the necessity of 
bonding every piece of track work. In double-rail 
track circuit, if a small piece of rail were not bonded, 
the other rail would supply a return circuit. In the 
bonding of slip switches the following conditions had to 
be obtained: All rails bonded must have a continuous 
circuit through the switch from all four tracks, and 
all main circuits double bonded. Fig. 5 shows the 
bonding of a double slip switch. It will be noticed in 
the illustration that some joints have only one bond. 
Where such is the case the single bond either feeds 
a short piece of rail and is not a part of the main 
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circuit, or a parallel path is provided in the main 
circuit through another rail. 

At the special track work where the Illinois Cen- 
tral crosses street railways, signal protection is im- 
possible. Following the practice of the signal depart- 
ment, a bond was carried around street railway 
crossings. One 500,000-cir. mil parkway cable for 
each rail was used, terminating in a pothead at each 
end and attached to the rail with two 300,000-cir. 
mil, 127-strand bare cables. The pothead consists 
of a concrete pier for anchoring the parkway cable, 
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Structure Bonds 

The overhead wires being supported by steel 
structures, it was necessary to connect every struc- 
ture to the rail for protection. No. 1 parkway cable 
was used for this purpose, one end of which was welded 
to the rail and the other to the structure. 

Each end of the structure bond was taped and 
coated with insulating paint to keep moisture from 
getting into the parkway cable. A one-foot loop was 
left in the cable at the rail end of the structure bonds 
to allow for movement of the rail. 


Fig. 6. Concrete Potheads for Connection Between Parkway Cable and Rails 


a terminal for the parkway and 300,000-cir. mil rail 
connections, and a space around the cable where the 
insulation is cut back and the space is filled with 
insulating compound, keeping moisture out of the 
insulation. The same type of terminal was used in 
all cases where 500,000- or 1,000,000-cir. mil parkway 
cable was connected to the rail except where such 
connections were made through an impedance bond. 
An installation of six of these potheads is shown in 
Fig. 6. 

To reduce the potential between rails and ground at 
street railway crossings, a single impedance bond was 
installed on one track with the center point connected 
to the special track work. As far as possible, all parts 
of the crossing were then bonded together and a 
return circuit thereby established for a train any- 
where on the crossing. 


Cross Bonds and Negative Feeder Connections 


Cross bonds, or bonds connecting the rails of all 
bonded tracks together, were installed at alternate 
signal bridges. The cross bonds are 500,000- and 
1,000,000-cir. mil parkway cable connected to the 
neutral point of impedance bonds, Economically, 
cross bonds could have been placed much closer 
together but the effect on the signal circuit would not 
permit. 

At points opposite the substation, connections for 
negative feeders were made to the neutral of im- 
pedance bonds, one to each track, and with 1,000,000- 
cir. mil parkway cables, buried two feet under ground. 
The other ends of these cables connected to a negative 
bus in a manhole on the right-of-way, this bus con- 
necting to the substation negative bus by 2,000,000- 
cir. mil lead-covered cable run in duct lines. 


193 


Selecting the Traction Motors for the Illinois 
Central Electrification 


Service Requirements—Ingenious Analysis of Motor Ratings us. Train Weights for Most Severe Service 
Prior to Availability of Car Weights—Determination of Final Motor Specifications— 
Actual Schedules Exceed Calculated Schedules 


By W. P. MONROE 
Assistant Engineer, Chicago Terminal Improvement 


HE suburban service of the 
| mios Central in Chicago 

was considered extensive 
enough to warrant the purchasing 
of traction motors designed espe- 
cially for its requirements. The 
motors would thus embody all 
the latest approved features, the 
development costs when spread 
over a large quantity of motors 
would not be excessive, and the 
obvious advantages of using a 
motor which exactly fits the re- 
quirements would be gained. Esti- 
mates indicated that motor equip- 
ments would be necessary for at 
least 260 cars in 1926, and for 
over 300 cars in 1932. 

The classes of service to be electrified were known 
as local, express, and special. The local trains made 
station stops every 0.6 mile on the average. Express 
trains made high-speed non-stop runs up to 5.8 miles 
in length, followed by local runs, the entire trips 
averaging 1.0 mile between stops. The specials 
averaged 1.7 miles between station stops, but all 
trains made one or two fast non-stop runs of from 
5.8 to 14 miles in length. On account of the advantage 
of flexibility in using interchangeable equipment, it 
was decided to use the same motors with the 
same gear ratios in all these classes of service, thus 
making all car equipment standard. The motors 
as applied must therefore be able both to acceler- 
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ate the cars rapidly in order to 
provide a fast local schedule, and 
to propel the cars at a high bal- 
ancing speed on long runs to sat- 
isfy the fast schedules of the 
express and special trains. In both 
cases, the requirements were set 
so as to shorten the then existing 
steam schedules very materially. 
Table I is a comparison of the 
steam schedules with the electric 
schedules as set up for a typical 
service and those actually ob- 
tained after electrification. 


Rated Voltage 

The 1500-volt direct-current sys- 
tem of electrification made possible 
the use of either 1500-volt or 750-volt motors, the latter 
connected in groups of two in series and insulated for 
1500 volts. A careful study of different schemes of 
making up trains resulted in the decision to compose 
all trains of standard units, each unit consisting of a 
motor car and trailer car semi-permanently coupled, 
the car bodies to be identical in seating capacity and 
appearance, but the motor car to be equipped with 
four 750-volt motors (insulated for 1500 volts), one to 
each axle. This arrangement was adopted because 
the estimates showed it to be the most economical 
scheme. It was also concluded to be the most reliable 
scheme, although the manufacturers guaranteed the 
absolute reliability of the straight 1500-volt motor. 


TABLE I 
STEAM AND ELECTRIC SCHEDULES FOR MATTESON TRAINS 
Distance from Randolph Street to Matteson 27.93 Miles 


STEAM SCHEDULES (1925) 


ELECTRIC SCHEDULE REQUIREMENTS 


ELECTRIC SCHEDULES ACTUALLY OBTAINED 


Per Cent Per Cent 

No. of Schedule No. of Schedule Decrease No. of Schedule Decrease 

Intermediate Time in Intermediate Time in in Time Intermediate Time in in Time, 

Stops Minutes tops Minutes Electricity Stops Minutes Electricity 

vs. Steam vs. Steam 
Local eesse erod Beas 34 80.0 33 72.5 9.4 *36 68.5 14.4 
Express et EWE AA 25 79.0 25 63.5 19.6 *28 64.7 18.1 
peal, 2 14 64.5 13 53.0 17.8 *15 53.0 17.8 
olf Special............... 9 60.0 8 46.0 23.3 8 45.7 23.8 


* A short time previous to starting electric operation, the station stops were increased to the numbers shown. 
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Operating Characteristics 

As a result of an early but detailed study of the 
schedule requirements of electrified Illinois Central 
service, the decision to operate with an acceleration 
rate of 1.5 miles per hour per second, a balancing 
speed of 57 miles per hour, and a braking rate of 1.75 
miles per hour per second was reached. These operat- 
ing Characteristics were found to be the most econom- 


Motor Horse -Power 
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Fig. 1. Curves Plotted from Preliminary Calculations Made in Select- 


ing Traction Motors for Suburban Service 


Motor A—175 h.p. Motor C—250 h.p. 
Motor B—215 h.p. Motor D—290 h.p. 


Conditions: Motors to operate continuously in South Chicago local 
service, without coasting, and with two minutes’ layover at terminals. 
. m. s; current to equal continuous rating. 


Average train—6 cars Wheel diameter—36 in. 
Acceleration—1.5 m.p.h.p.s. Balancing speed—57 m.p.h. 
Braking—1.75 m.p.h.p.s. Volts per motor—675 


ical in meeting all the requirements of all the services 
while allowing a liberal margin for making up time 
and providing for coasting to save energy. They 
were adopted as fundamental requirements of the 
motor equipment. 


Most Severe Service 

The capacity of the motor to be specified was 
considered to depend upon the heating caused by 
the most severe service the motor had to furnish, 
commutation and other limits being temporarily 
neglected. All services were investigated carefully 
from this point of view. The manufacturers were 
asked for motor characteristic curves for a 750-volt 
d-c. railway motor (insulated for 1500 volts) of their 
latest recommended design for rapid-transit service, 
and of horse-power capacity which was judged to be 
approximately that which would ultimately be 
selected. This motor, which was of a field-control 
type, was applied on paper to each service, assuming 
the approximate weight of train and using an acceler- 
ating current and gear ratio to give the prescribed 
acceleration and balancing speed. A curve sheet 
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similar to Fig. 5 but including more information was 
drawn up from detailed speed-time calculations for 
a six-car train with full seated load. By reading from 
these curves the running time and (amperes) *— 
seconds for every run" in each service and summing 
them up, allowing for stopping times and layover, 
the r.m.s. current of each service was calculated. 
The trains were considered to be run without coasting 
because such operation will exist when trains are late 
and are making up time, this procedure being agreed 
upon when the requirements were set up. Also, a 
layover of two minutes was allowed at terminals, 
this time also being agreed upon as the minimum 
required. The class of service causing the highest 
motor r.m.s. current under these conditions was 
found to be the South Chicago local service. A motor 
performing satisfactorily in this service without over- 
heating was desired. 


Method Used for Determination of Ratings 

The design of the cars, at this time, had not reached 
a stage where a close estimate of their weight, when 
built, was possible. Search was being made for light- 
weight materials, and other schemes for cutting down 
car weight were being discussed. The determination 
of motor ratings had to proceed without delay, how- 
ever, in order that the motor specifications would be 
ready at the same time as the car specifications. A 
method was devised whereby the hourly and con- 
tinuous ratings, as well as the weights and approxi- 
mate costs, of the motors could be very quickly 
ascertained when an accurate estimate of car weight 
finally became available. 


Fig. 2. 


General Electric GE-285A Traction Motor 
Selected for Suburban Service 

Hourly rating—250 h.p. at 750 volts 

Continuous rating—215 amp. at 675 volts 

Weight with gears and gear case —7080 Ib. 

Weight of motor alone—6400 Ib. 

Type of ventilation—Self, multiple 

Guaranteed safe peripheral speed of armature—8400 ft. per min. 


Diameter of armature— 18.53 in. 
Gear ratio on 1.C.R.R.—60/21 


The method of motor determination which was 
used depends upon the apparent law of similitude 
which exists between the accelerating current of a 
motor and its root-mean-square current for a 


(1) By “run” is meant a single train movement from start to stop. 
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particular length of no-coast run. The ratio of the 
accelerating current to the r.m.s. current was found 
to be practically a constant for direct-current field- 
control motors' of similar design applied to various 
weights of car equipment, but with control and gear 
ratio adjusted for the same acceleration rate and 
balancing speed. This relation proved out by trial 
with a number of different-sized motors and assumed 
equipment weights covering a wide range. In the 
investigation which determined the most severe serv- 
ice, this ratio was found for the specified no-coast 
South Chicago local trip. It was assumed, then, that 
this ratio would also hold for all motors of the same 
general design when applied to this service. The 
accelerating current entering into the ratio was the 
short-field current giving the tractive effort necessary 
for 1.5 miles per hour per second acceleration. If a 
motor application is made to the most severe service 
in such a way that the accelerating current bears the 
same ratio to the continuous rating as the ratio 
determined as described, then the r.m.s. current in 
the service will equal the continuous rating of the 
motor, one of the conditions desired. 

The manufacturers were asked for preliminary 
specifications and characteristic curves for several 
motors of their recommended design, but varying 
in horse power from 175 to 300. These motors were 
each applied to the most severe service in such a 
way that their continuous ratings were equal to their 
respective r.m.s. currents in this service. In order to 
make these motors fit the service, all with the same 
accelerating rate and balancing speed, the weights of 
the car equipments had to be varied, the smaller 
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Fig. 3. Westinghouse 587-D-5 Traction Motor Selected 
for Suburban Service 
Hourly rating—250 h.p. at 750 volts 
Continuous rating—210 amp. at 675 volts 
Weight with gears and gear case—6905 1b. 
Weight of motor alone—6425 1b. 
Type of ventilation—Self, multiple (dual type) 
Guaranteed safe peripheral speed of armature—8400 ft. per min. 
Diameter of armature—18.5 in. ` 
Gear ratio on I.C.R.R.—60/21 
Lubrication—Oil sealed 


motors propelling the lighter cars. The proper weight 
of car for each motor was determined as follows: 
Let R=ratio of short-field accelerating current to 
r.m.s. current for the service. 
g' =Gear ratio as used by the manufacturer in 
plotting the motor characteristic curves. 
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g= New gear ratio which is to be found for 

correct application of motor in most severe 
service. 

F, =Starting tractive effort in lb. per motor. 

F’,=Starting tractive effort per motor as read 
from characteristic curve, with gear ratio 
g', and for starting current equal to RX 
continuous rating. 
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Fig. 4. Characteristic Curves of Manufactured Motor, GE-285A, in 
Full Lines and Design Motor, GEZ-1231, in Dotted. The motors 
are rated 750/1500 volts but the curves are plotted for 675 volts 


Gear—60 teeth Reduction—2.857 
Pinion—21 teeth Wheel dia.—36 in. 
R.p.m. 26.7 X m.p.h. 


a,=Acceleration rate (in this case 1.5 m.p. 
h.p.s.) 

W=Weight of car equipment per motor for 
correct application, in tons,—to be found. 


Assuming 10 lb. per ton to be the train resistance 
during the acceleration period, ® 
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(1) 


If  F,=tractive effort of motor for balancing speed 
(gear ratio, g). 
V, = balancing speed in m.p.h. 
and n =number of motors in train, 
then 
W V; ge 


= 2 
6 3n (2) 


F,=4W+ 
for Sprague’s train resistance formula. 

Let F’, and V’; equal motor tractive effort and 
speed, respectively, for same current as F; and V,, 
but for gear ratio g”. 

Then : j 
== en (3) 
(2) During straight-line acceleration the train resistance was assumed 


constant at the value determined for the speed at the end of this period. 
thus al.owing for high journal friction at the start. 
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Substituting in 2 (2) 


Vy 
F';,=W Als ee a7 ; (4) 
Substituting (1) it in suo W 
F’ V 
os E ¿IEA 2J 
E 100a, + 10 4 to A Vs (5) 


All the terms in equation (5) are known except F”, 
and V’;, This equation, therefore, is a function of F f 
in terms of V’; for the given conditions. The manu- 
facturer’s motor characteristic curve of tractive effort 
plotted against speed also furnishes a relation between 


F^, and V”,. If this curve and equation (5) are solved 
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If nW is found in this way for each of the motors 
submitted, a curve can be plotted of the horse-power 
ratings against the weights of train for application 
to the most severe service such that the r.m.s. current 
equals the continuous rating of each motor. This 
curve will be smooth if the motors are of the same 
design and if they are rated in the same way. 


Application of Method 

The foregoing procedure was carried through with 
motors of two manufacturers. Table II contains the 
calculations for four such motors. Item (7) in the 
table shows that the ratio of short-field accelerating 
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Distance in Miles 
Fig. 5. No-coast Train Characteristic Curves 
Six-car multiple-unit train (3 motor and 3 trailer cars) Trailer weight—50.3 o Safes passengers) 


Trolley voltage—1350 volts Wheel diameter—36 in. 
Motor car weight—76.5 tons (with passengers) 


as if they were simultaneous equations, the solution 
being easily obtained graphically, the values of F’; 
and V’; thus found can be substituted in equation (3) 
to get g. Substitutions can then be made in equation 
(1) and W obtained. This value of W multiplied by n 
gives the weight of train for the correct application 


of the motor from the heating standpoint. 


Acceleration—1.5 m. par 
Train resistance by Davis emula 


Braking—1.75 m.p.h.p.s. 


current to the r.m.s. current of the most severe service, 
found previously to be 2.103, was used to obtain the 
accelerating currents from the known continuous 
ratings of the motors. Items (8) and (9) are a check 
to determine if the accelerating currents are within 
the safe commutating limits of the motors; if they 
were not within the limits, the motors would have 


TABLE II 
APPLICATION OF RAILWAY MOTORS TO SOUTH CHICAGO LOCAL SERVICE 
Determination of Car Weights and Gear Ratios for Proper Application of Four Typical Motors 


Item (1) Motor designations cados onda tank bebe Ek ate eae cede ae Motor A Motor B Motor C Motor D 

\. El Nominal rating, horsepower (750 volts) ...................oooo.o.. 175 215 250 290 
‘ (3) Continuous rating, amp. (675 voltS)...................oo.oooo... 143 178 208 238 
“ (4) Hourly rating, amp. (750 volts) .................o.o..o.ooooooooco.. 192 240 280 320 
“ (5) Gear ratio for characteristic curves at hand, g’................... 3.26 2.86 2.37 2.625 
“ (6) Wheel diameter, inches. .............. o... oo... 36 36 36 36 
“* (7) Short-field accelerating current =2.103 Xcontinuous rating........ 301 375 437 501 
‘ (8) Corresponding full-field accelerating current, same tractive effort... 252 309 360 423 
‘* (9) Maximum full-field accelerating current for good commutation..... 265 330 360 440 
Comparison with Item (8)... 0.00.00. 00 eee O.K. O.K. O.K. O.K. 

“ (10) Gross tractive effort for current of Item (7), read from curve =F’, = 3630 4400 4900 6210 
‘“ (11) Solution of equation (5) with motor characteristics F” = ones re 50 ee one 
“ (12) New gear ratio, from equation (3)................ o... ooo. ooo... 2.965 2.630 2.495 2.802 
“ (13) Train weight per motor, from equation (1), tons................. 20.62 25.28 32.30 41.45 
“ (14) Weight of loaded 2-car unit=4W=.................ooo eee 82.48 101.12 129.0 165.8 
“ (15) Weight of motors and control, tO0NS.............o...ooooooo ooo... 14.6 16.39 17.5 19.79 
“ (16) Weight of loaded 2-car unit without motors and control.......... 67.88 84.73 111.5 146.01 

Check on Safe Speed 
* (17) Safe armature speed, T.P.M.....o.ooo.coocoooconororronaccrcosos.. 1880 1660 1500 1670 
“ (18) Safe corresponding train speed, ni p.Ns ec ccce ese eaee wesc te idos 67.9 67.6 64.3 63.9 
Check on Calculations l 

“ (19) Tractive effort at 57 m.p.h. from F', g/g’ =F,=.......ooooooo.o... 366 432 526 649 
‘* (20) Train resistance from Sprague's formula (per motor). ...+.......... 372 435 528 850 
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had to be discarded or the acceleration rate lowered. 
In Item (16) is calculated the weight of a 2-car unit 
without motors and control, but with seated load, 
and these weights were used in plotting the horse- 
power and continuous rating curves in Fig. 1. The 
weight without motors and control is of greater con- 
venience in computing than the total weight of the 
train. Items (17) and (18) are a check to determine if 
the motor, as applied, will operate within the safe 
armature speeds. Items (19) and (20) are a check 
on the accuracy of the calculations by comparing 
the balancing-speed train resistance, as read from 
a curve, with the calculated tractive effort, Fy. 
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Final Selection 

When the final motor specifications were ready, 
they were given to the manufacturers who then sub- 
mitted complete data on their proposed motors. They 
were investigated and found satisfactory. Contracts 
were then let for 263 General Electric motors and 
262 Westinghouse motors. 

When manufactured, the General Electric motor 
was designated GE 285-A, and the Westinghouse 
motor 587-D-5. The GE 285-A motor characteristic 
curves as obtained by test are shown in Fig. 4, com- 
pared with the guaranteed characteristics of the 
design motor GE Z-1231, as finally approved. 
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Fig. 6. Speed-time Train Characteristic Curves 
Same conditions as named in Fig. 5. 


Final Determination of Capacity 

When the car design had reached the specification 
stage and an accurate estimate of car weight became 
available, the motor horse power and continuous rating 
were read from the curves in Fig. 1. This estimated 
weight was 106 tons for a loaded 2-car unit without 
motors and control. The horse power read from the 
curve for this weight is 246 at 750 volts. This figure 
was rounded to 250 h.p. for the specifications. (The 
actual weight of an Illinois Central electric 2-car unit 
when built was found to be 108.8 tons without motors 
and control, but including seated passenger load.) 


Ventilation and Mechanical Details 

Most of the mechanical details of the motors were 
decided upon independently of the calculations of 
motor capacity, the manufacturers’ recommendations 
being followed in most cases. The type of ventilation, 
however, since it affects the ratings, was carefully 
considered before asking for the performance char- 
acteristics of the preliminary motors. The type 
approved was the kind of self ventilation known as 
“multiple ventilation.” 


Actual Operation 

It is of interest that in actual operation the 
motors drive the trains at a balancing speed some- 
what in excess of 57 miles per hour. Since the 
motor characteristics were carefully verified by 
complete factory tests, it is concluded that the 
train resistance used in the calculations is too 
large. The multiple-unit train resistance as given 
by W. J. Davis, Jr.,® seems to be nearly correct 
for Illinois Central trains. Table I shows to what 
extent the actual schedules are faster than the 
calculated schedules. The additional station stops, 
added since the required schedules were agreed 
upon, somewhat offset the effect of this higher bal- 
ancing speed. 

Figs. 5 and 6 are train characteristics calculated 
from the motor speed and tractive effort curves 
obtained from actual test data and using the Davis’ 
train-resistance formulas. These calculated train 
characteristics are very close to those of actual oper- 
ation as shown by observation. 


(3) “The Tractive Resistance of Electric Locomotives aod Cars”, W. J. 
Davis, Jr.. GENERAL ELECTRIC Review, Oct. 1926, p. 685. 


198 April, 1927 GENERAL ELECTRIC REVIEW Vol. 30, No. 4 


Underground Conduit System for Telephone, Telegraph 


and Signal Cables of the Illinois Central Electrification 


Multiple-duct Conduits Used—411,410 Duct Feet Now Installed—Most Manholes Precast—Handholes 
and Other Accommodations for Laterals—Drainage Problem 


By C. P. TRUEAX 
Assistant Engineer, Chicago Terminal Improvement 


between opposite surfaces. Within 
the interlocking plant limits the 
number of ducts varies, depending 
upon the number of cables to be 
used. These sections range in duct 
numbers from 9 to 20, multiple- 
duct conduit being used in all 
cases to secure the advantages of 
first-cost economy, constructive 
simplicity, and ease in pulling 
cables. The linear and duct feet of 
the various sections of multiple- 
duct conduit installed are given in 
Table I. 


Central electrification, the rail- 
road’s plans contemplate the 
installation of an underground con- 
duit system extending from South 
Water Street (the downtown ter- 
minal) to a point south of the Blue 
Island Railroad junction with the 
main line at 120th Place, a distance 
of 15.25 miles. This conduit will 
carry all low-voltage communica- 
tion circuits; t.e., telephone, tele- 
graph, signal control, and other 
miscellaneous circuits suchas super- | 
visory control for substation and With a track layout utilizing to a 
tie-station operation. maximum the entire width of right- 
Up to the present time, work has C. P. TRUEAX of-way, it was necessary to locate 
been completed and cables have the conduit line between tracks 
been pulled in and placed in service from 21st Street having a spacing of thirteen feet. At several points 
to 80th Street, from 93rd Street to 100th Street, and along the right-of-way, offsets had to be made in the 
a short stretch under the Blue Island Railroad junc- line to transfer it to another space between tracks 
tion with the main line at 120th Place. in order to avoid obstructions such as suburban 
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Fig. 1. A Pile of Four-duct Multiple Vitrified-clay Conduit Delivered to the Site of the Work 


With the exception of portions within the limits station platforms and stairs and catenary structure 
of interlocking plants, the conduit consists of 8 ducts, foundations. 
made up of two 4-duct multiple salt-glazed vitrified- The vitrified-clay conduit is encased in a 1:3:5 
clay conduit with square duct holes from 314 to3!4in. mixture concrete protection having a thickness 
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where parallel to tracks of four inches on the bottom, 
three inches on the sides, and three inches on the top. 
Where crossing under tracks the top protection is in- 
creased to six inches and reinforced with l%4-in. rein- 
forcement bars with longitudinal bars spaced one foot 
three inches and transverse bars spaced six inches. 

At frequent intervals along 
the right-of-way there are |© 
subways having a concrete _ 
deck with track ballast laid 
directly on it. Where the con- 
duit line crosses over these 
subways the concrete pro- 
tection is laid on the subway 
deck and the top and side pro- 
tection is increased and rein- 
forced in the same manner as 
where crossing under tracks in 
order to protect the conduit 
in case of derailment. At 
locations where conduit witha 
large number of ducts crosses 
over subways, the sections are 
laid up in such a manner as to 
obtain an overall shape with 
upper corners bevelled in 
order to keep outside the 
clearance line. 

Where the conduit is parallel to tracks, the depth 
varies from two feet to two feet eight inches from 
base of rail to top of concrete protection. On level 
roadbed the two-feet eight-inch depth is at manholes 


eet >- + * 
nej A 


a 8 


Y 


ES 
d 


Fig. 2. Precast Reinforced Concrete Manhole Showing 


Knockout for Laterals 


with the conduit sloping both ways from a high point 
midway between adjacent manholes to provide 
duct drainage. Where the roadbed has a gradient, 
and also where the conduit crosses under tracks, the 
two-feet eight-inch depth is maintained with sufficient 
slope to drain the conduit. 
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Manholes are placed at an average spacing of 500 
ft. for pulling and splicing chambers and for connect- 
ing and taking off laterals. Except for a few important 
locations where larger manholes, cast in place, are 
required, precast reinforced concrete manholes are 
used throughout. The use of precast manholes 


hd > 
- 
fa - P 


"eW e J'E e "Y 


Y, y A 
x Va - iat y 


Y 


Fig. 3. Manholes, Conduit, and Other Material Distributed Along the Right-of-way Prior to Installation 


effected a decided saving over the cast-in-place type, 
not only in the cost of material but in the labor of 
installation. 

In the close working quarters between tracks, 
excavations were made and the precast manholes 
lowered in place under heavy traffic conditions that 
would be very detrimental to the proper setting of 
the concrete of cast-in-place manholes due to the 
continual vibrations caused by passing trains. 


TABLE 1 
Number of Ducts Linear Feet Duct Feet 
8 | 34,200 273,600 
9 | 2,130 19,170 
10 1,700 17,000 
12 3,475 41,700 
16 1,360 21,760 
18 410 7,380 
20 1,540 30,800 
TOCA 645644 44,815 411,410 


The manholes were manufactured in accordance 
with the railroad's plans and specifications and appear 
elliptical in shape, the sidewalls being shaped to the 
arc of a 14-ft. diameter circle. The inside dimensions 
are six feet long, three feet six inches wide in the 
middle, and five feet high. The roof and side walls 
are four and one-half inches thick and the floor four 
inches thick. The entire manhole is reinforced with 
welded wire mesh reinforcement. Pulling-in irons 
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are cast in the walls opposite and slightly below the 
duct entrances. A two-foot square opening is left in the 
ends for duct entrances. A certain number were manu- 
factured with duct entrances in one end and one side 
to accommodate right-angle turns in the conduit line. 

Because of not knowing beforehand all locations 
where laterals would be required, and also to simplify 
manufacture, a one-foot square section of reduced 
thickness (with reinforcing omitted) was provided 
in each side to form knockouts for laterals. For signal 
control laterals, parkway cable is used; and for tele- 
phone and telegraph laterals 
lead-covered cable is pulled 
through vitrified-clay, fiber, 
or creosoted-wood conduit, ! 
depending upon local condi- 
tions. In the manhole floor an 
opening thirteen inches square li 
is left to be used for placing 
a floor drain or for building a 
sump hole as required. Either 
bolts or concrete inserts for 
bolts are cast in the manhole 
walls for attaching cable 
racks. 

Excavations were made for 
manholes at the desired loca- 
tions, then usually two flat 
cars carrying seven or eight 
manholes each were pulled 
out with a work train and 
the manholes lowered directly 
into their holes or deposited 
as near the site as could be reached with a derrick. 

The telephone and telegraph cables are pulled in 
from manhole to manhole and laterals taken off 
only at these manholes. With the signal control 
cables, however, laterals are often required at fre- 
quent intervals between manholes. To provide out- 
lets for these laterals, handholes are installed. These 
are octagonal in shape and the top is level with the 
base of rail. The bottom of the concrete protection 
forms the bottom of the handhole and the handhole, 
which is three feet five inches across inside flats, 
is cast of concrete as an integral part of the concrete 
protection. The ducts carrying telephone and tele- 
graph cables are carried through the handhole with- 
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out openings, but the ducts carrying signal control 


cables are ended flush with the inside walls of the 
handhole to make the cables accessible for lateral 
taps. The same cast-iron frames and covers are used 
on both manholes and handholes. 

Drainage is an important factor in the successful 
operation of any underground conduit system, and is 
particularly so in the case of certain portions of this one. 
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Three general types of drainage are used, the eleva- 
tion of the grade determining the type. In sections 
where the manhole floor is less than four feet above 
city datum, or lake level, a floor or side wall drain 
outlet is connected by a four-inch cast-iron drain 
pipe to an adjacent storm sewer. Where the manhole 
floor ranges in height from four to six feet above 
datum, a watertight sump is built under the opening 
left in the floor and all seepage water drains into 
this sump. When work is to be done in the manhole, 
a portable pump is used to pump it dry. Where the 
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Fig. 4. Construction Diagram of Conduit Over Subway 


manhole floor is over six feet above datum, a self- 
draining sump filled with crushed stone is located 
under the floor opening. Within the territory from 
3lst Street to 40th Street, where the surface of 
the roadbed is only a few feet above lake level, 
the drainage of manholes is accomplished by cast- 
iron drain pipe connected to a drain pipe running 
parallel to the tracks and forming part of a drainage 
system which handles the surface and subsurface 
water of the roadbed in this territory. North of 31st 
Street and from 40th Street to 43rd Street, though 
higher than the section just mentioned, the roadbed 
is too low to make the manholes self draining. There 
being no storm sewers accessible, the watertight sump 
type of drainage is used. The remainder of the terri- 
tory through which the conduit line runs is on a fill 
sufficiently high that manholes will drain through 
the self-draining sump. | 

All precast manholes and all frames and covers 
were furnished and delivered to the site of the work 
by the railroad company. All other material and all 
labor was furnished by the contractor. 
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Design of Overhead Equipment for the 
Illinois Central Electrification 


Catenary System Without Additional Feeders — Features of Suspension — Non-ferrous Alloys Used— 
A-c. Distribution — Determination of Stresses in Structures 


By J. S. THORP 
Distribution Engineer, Chicago Terminal Improvement 


HE Illinois Central electri- 
fication includes, in its first 
stage, from two to six paral- 
lel tracks on the main line and 
one or two tracks on branches. 
There are about 110 track miles 
electrified along 38 miles of route. | 
The electrification of the suburban 
service will be followed by electri- 
fication of the freight and through 
passenger service within the city 
limits. Present plans, therefore, 
anticipate as many as 15 main line 
tracks in parallel in some sections, 
and the ultimate electrification of 
about 415 track miles including 
yards and sidings. 

Overhead catenary construction 
for 1500 volts direct current was chosen in 1922 by the 
electrification commission, appointed by the railroad 
in 1920 to make a report upon the choice of system. 
The design and layout of the distribution system were 
made by the permanent engineering staff. 


Catenary System for Main-line Tracks 

The catenary system over all tracks, in itself, pro- 
vides the required current-carrying capacity without 
additional feeders. The distribution system allows for 
an average voltage drop of about twelve per cent in 
normal rush-hour service, with an all-day average 
drop estimated at three per cent. The average con- 
ductivity over every track, throughout the life of 
the contact wire, will be about 790,000 cir. mils copper 
equivalent. The system over all main tracks consists 
of a composite main messenger of high tensile strength, 
two bronze or copper grooved contact wires, and a 
hard-drawn copper auxiliary messenger. In the heavy 
traffic section north of 67th St., 3/0 bronze contact 
wires are used to obtain the best wearing qualities. 
On the remainder of the main line and on the South 
Chicago and Blue Island branches, 4/0 copper con- 
tact wires are used. The make-up of the catenary 
systems vary somewhat in other respects, as shown 
in Table I. 

The normal height of the contact wire is 22 ft. 
above the top of the rail at structures, with a ‘‘hog”’ 
of three inches to insure against excessive sag under 
heavy current densities and high temperatures. This 


J. S. THORP 


height is maintained south of 43rd 
St., except at a few points where 
passing under overhead structures. 
Because of the frequent present 
and proposed bridges over the 
railroad to give access to Grant 
Park and the new Lake Front Park, 
the contact wire north of 43rd St. 
(Fig. 1) has a normal height of 18ft. 
6in. The minimum height of the 
contact wire is 16 ft. 6 in. and a 
gradient of one per cent or less with 
respect to the track is used where 
the height varies. 

The auxiliary messenger is highly 
flexible, 19 strands in each case, 
which assures a contact line free 
from hard spots. It is hung from the 
main messenger by hangers spaced at 20- and 15-ft. 
intervals, for the respective catenary systems. Clips for 
the contact wires are spaced at half this interval and 
each contact wire supported from alternate clips. The 
bronze contact wire is therefore supported at 20-ft. 
intervals, and the copper contact at intervals of 15 ft. 
The two contact wires of a system hang side by side, 
with points of support staggered, but with no appre- 
ciable sag. 

TABLE 1 


North of 67th St. South of 67th St. 


Contact wires........... Two 3/0 bronze | Two 4 /0 copper 


Conductivity............ 80 per cent 
copper equiv. 
Composite main messenger| 0.81 in. dia. 0.81 in. dia. 
19 strands 19 strands 

Hard-drawn copper auxil- 

iary messenger ........ 200,000 cir. mil | 1/0 A.W.G. 
Hanger spacing.......... 20 ft. 15 ft. 
Ultimate strength of main 

messenger ............ 31,500 1b. 31,500 1b. 


Copper equivalent of 


system when new ......| 838,900 cir. mil | 898,700 cir. mil 


The resulting contact system differs from those so 
far used by electric railroads in actual operation. 
The double-contact wire arrangement has been used 
previously, but suspended directly from the main 
messenger. The insertion of the stranded auxiliary 
messenger increases the flexibility of the system and 
practically eliminates ‘‘hardness’’ of contact. At the 
same time it gives positive connection between 
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messenger and contact wires, and decreases wearing 
due to moving parts, as compared with the various 
forms of lifting hangers. The double-contact wire 
insures good contact with the pantograph at all 
times, and decreases materially the burning and 
pitting of the wire that results from minute, though 
invisible, arcing when a current-collecting device is 
used on a single wire. 


No Auxiliary Feeders 

The use of the relatively elaborate system com- 
prised of four wires might be prohibitive for some 
installations, but in the present electrification the 
total copper would be required in any event for 
feeder capacity. It becomes advantageous, therefore, 
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Fig. 1. 


to provide the electrical conductivity in such a way 
as to give the best mechanical arrangement. 

The main messenger has a sag of 4 ft. 9 in. under 
normal conditions for the standard span of 300 ft. 
The resulting tension in the messenger is 7700 1b. 
for normal loading in still air at 60 deg. F. Under 
conditions of maximum loading (0 deg. F. with ice 
and wind) the tension will be 12,300 lb. The sags 
vary with span lengths in such a way as to maintain 
the same tension throughout a messenger. Pull-over 
construction is used for curves, of which there are 
relatively few. 

The messenger is supported from the catenary 
structures by suspension insulators, two insulators 
being used at every support. The entire catenary 
system is below the supporting structure. This allows 
the use of suspension insulators instead of the pin 
insulators commonly used for heavy catenary systems. 
Furthermore, men may work on structures without 
danger of contact with live wires. This feature is of 
added importance in view of the use of the catenary 
structures for signals. 
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Non-ferrous Alloys 


The selection of a non-ferrous alloy for this par- 
ticular installation was made after several years of 
tests throughout the eastern part of the United 
States. Various samples of alloys, both ferrous and 
non-ferrous, were placed in service on some of the 
eastern roads. After years of exposure to the atmos- 
phere and smoke conditions existing in these localities, 
it was found only a few of these alloys were suitable 
for overhead work. The final selection was made 
from the few mentioned by an analysis of their elec- 
trical conductivity and strength, as fitted for this 
particular purpose. 

Non-ferrous hangers and fittings are used exclu- 
sively, and all connections between the parts of the, 
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View of Six-track Section at Junction of 18 Ft. 6 In. and 22 Ft. 0 In. Contact Wire Heights 


catenary system are fixed. For electrical purposes, 
the component parts are cross connected so thor- 
oughly that they are, in effect, a single conductor. 
The minimizing of corrosion of fittings insures good 
electrical connections indefinitely as well as facilitating 
maintenance work. 

The catenary construction over crossovers, sidings, 
and yard tracks is of simpler and less expensive con- 
struction than for the main tracks. A 3@-in. seven- 
strand high-strength bronze messenger from which is 
suspended a single-contact wire is used. The messenger 
is independent mechanically of the main-line messen- 
ger, but the contact wires merge into the main-line 
contact wiring so as to avoid any crossing of contact 
wires and still allow the most advantageous method 
of wiring in each case. The contact wire used in the 
crossover system is either 3/0 bronze or 4/0 copper, 
depending upon the make-up of the adjacent main 
line. Crossover wiring is connected electrically to 
the adjacent main tracks, but sectionalized so as not 
to interfere with the complete sectionalization of the 
main tracks. In no instances have deflectors been 
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used at the junction of the crossover and main 
tracks. i 

The yard construction is of the same design as the 
crossover wiring, but on account of the feeder capacity 
required, 4/0 contact wire was used irrespective of the 
contact wire over the adjacent tracks. In all except 
one yard, four, five, or six-track trusses are used as 
supports. The other, the 16th St. Storage Yard adja- 
cent to the light inspection facilities, was built with 
some cross-span construction of six to nine tracks. 
The decision to use cross-span construction in this 
territory was one of economy based on the fact that 
the tracks are in a temporary position and are to be 
moved when the new through-passenger facilities are 
developed. 
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ends. As a part of the insulation, the contact wires 
are held apart by suitable spreaders at such points. 
Single-contact wires are used at crossovers and over 
sidings. Because of the fewer pantograph passes and 
lower speed of operation, they are insulated with 
wood-section insulators cut directly into the contact 
line. 


A-c. Distribution System 

The catenary structures carry three-phase four-wire 
4000 /2300-volt transmission lines for miscellaneous 
lighting and power loads, and single-phase 2300-volt 
transmission lines for supplying the signal system. 
All these are fed from substations of the Common- 
wealth Edison Company. There are duplicate 


Fig. 2. Details of Cross-span Construction in Weldon Yard 


The cross spans as constructed have a maximum 
length of 104 ft. and have a sag of five feet at 60 deg. F. 
The supporting strand is of 34-in. extra-high-strength 
galvanized steel. The strand serving as hanger to the 
insulator and the steady strand above the insulators 
are of $¿-1n. Seimans-Martin. All connections to these 
wires are made with wire-rope clips as shown in Fig. 2. 
Non-ferrous material was not considered necessary 
for this construction due to the work being of a tem- 
porary nature. 


Sectionalization 

At important interlocking points, substations and 
tie stations are situated so as to come within the 
interlocking limits. The catenary systems are section- 
alized at these points, and tied together through the 
substation or tie buses. The double-contact wire 
lends itself to air-gap sectionalization quite advan- 
tageously. At the desired point the contact wires 
are raised, alternately, high enough to insert a strain 
insulator in each without danger of the insulators 
fouling a pantograph. In this way the contact wires 
are continuous, and there are no additional dead 


signal lines along the electrified part of the main 
line and a single circuit on the South Chicago 
Branch. 

Duplicate three-phase lines are in operation from 
12th St. to the 69th St. substation. A single three- 
phase line extends from 69th St. to the end of the 
electrified zone. Future provisions include an addi- 
tional line between 69th St. and Harvey, the point 
of steam-electric changeover for future through passen- 
ger and freight electrification. 

The transmission lines are fed from both ends in 
every case, and in general are sectionalized at mid- 
points between substations. At present there are from 
four to twelve No. 1 hard-drawn copper, triple-braid- : 
weatherproof wires along every section of the elec- 
trified route. These are carried on four-pin and six-pin 
angle-iron -cross arms erected on the tops of the 
catenary structure columns. All designs are for the 
ultimate use of 2/0 wires. The wires are supported 
at normal heights of 33 and 36 ft., and have a normal 
sag of six feet in a 300-ft. span. The resulting maxi- 
mum tensions in the wires are 1900 and 2500 lb. 
for each No. 1 and 2/0 wire, respectively. 
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THE ELECTRIFICATION OF THE ILLINOIS CENTRAL RAILROAD 


Control Cables and Messengers 


In addition to the catenary and transmission wiring 
and signals, the catenary structures support multiple- 
conductor cables for signal-control circuits. There are 
as many as 32 No. 14 wires, in one or two cables, 
carried from an extra-high-strength steel messenger 
of one-half inch diameter. Along some sections of the 
line, two messenger and cable assemblies are used. 
These messengers have a normal sag of six feet for 
the 300-ft. span and the resulting tension under heavy 
loading is from 5100 to 7500 lb. for the several sizes. 
North of 80th St. these circuits are carried in a duct 
line instead of as an aerial cable. 


Loading of Catenary System 

The wire loading was based upon the assumed 
maximum condition of a coating of ice la in. thick 
on all wires and hangers, with a wind pressure of 
eight pounds per square foot of projected area, in- 
cluding the ice. This pressure corresponds to an 
indicated wind velocity of about 72 miles an hour. 
As an alternative condition of maximum loading to 
cover extremely heavy winds, coincident with which 
there will not be a heavy coating of ice, a pressure of 
20 pounds per square foot of projected area corre- 
sponding to an indicated velocity of about 119 miles 
an hour was assumed. 

The loadings on flat surfaces of the structures were 
taken as 12 and 30 pounds per square foot for the two 
conditions, and ice on structures was not considered. 
The minimum temperature of still air was taken as 
20 deg. below zero F. and a zero temperature coin- 
cident with maximum ice loading. 


Catenary Structures 

The layout and design of the catenary supporting 
structures allows for their extension over future 
electrified tracks, although at this time they are 
used over suburban tracks only. The effect is that 
structures were designed for the present with the 
future view of serving the entire right-of-way along 
a large part of the electrified route. This right-of-way 
has a minimum width of 200 ft. In places it is 250 and 
300 ft. wide, exclusive of electrified yards. Bridges, 
having up to six columns, and up to 200 ft. long, with- 
out expansion joints, will be used. Individual bents 
span up to four or five tracks, ordinarily, with lengths 
of 60 to 70 ft. Longer bents are used frequently with 
a single span, in the ultimate, for the entire right-of- 
way width of 200 ft. 

A complete rearrangement of tracks within the 
terminal district was made, preliminary to electrifica- 
tion, so as to make possible the ultimate maximum 
utilization of the right-of-way without extensive 
changes after electrification. Along a considerable 
part of the right-of-way this had the effect of prac- 
tically reconstructing the railroad. Since the normal 
track spacing of 13 ft. does not allow room for columns 
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of catenary structures, a track spacing of 17 ft. was 
provided for columns at appropriate intervals where 
possible. 


Types of Structures 

North of Kensington, on the main line, built-up 
columns and trusses of latticed angle construction are 
used, which are shown in Fig. 4. The greatest number 
of electrified tracks are on this part of the line. Here, 
nearly all of the ultimate structures will have more 
than two columns, and the longest spans. In addi- 
tion to the heavy catenary loading, certain of these 
structures carry signals for the several tracks. 

South of Kensington, and on the Blue Island and 
South Chicago branches, the structures are made up 
of Bethlehem H-sections for columns and cross beams 
(Fig. 5). This section of the main line has only two 
electrified tracks at the start, and single columns 
with brackets are used. Between Kensington and 
Harvey, about six miles, additional columns will be 
erected, and cross beams will be joined to the columns 
as additional tracks are electrified. On the branch 
lines, where there are only one or two tracks, single 
columns and brackets or two-track portal structures 
are used. 

Occasional three-column structures, required for 
combined signal and catenary use along the main line 
south of Kensington, are of the built-up type. 

All steel used in the permanent structures (except 
the H-beams) is copper-bearing, having a copper 
content of from 0.15 to 0.25 of one per cent. Copper 
added in this amount has no effect on the physical 
properties of the steel while it is estimated the life 
will be increased from two to three times. The results 
obtained by the use of a similar copper-bearing steel 
in steel car and other construction indicated a rust- 
resisting quality which amply warranted the addi- 
tional expense of $3.00 per ton. 


Use of Models in Structure Design 

In addition to the normal loads of wires and cables, 
and the ice and wind loads, structures were designed 
to carry:an additional load of 1000 1b., parallel with 
the track due to a broken catenary messenger. This 
load will be limited by the slipping of the cable in the 
clamp. In view of the heavy values of the assumed 
loads and the infrequency of their probable occurrence, 
a maximum calculated stress of 20,000 lb. per square 
inch was allowed in the structural steel. 

Certain standard sections for trusses and columns 
were adopted for all built-up bridges. In practically 
all cases the column sections consist of four 4-in. by 
4-in. angles laced, with a depth across track of 15, 
16, or 18 in. back to back, while the sections for the 
trusses are four 313-in. by 31l%-in. angles, legs out 
and laced inside, with depths of 3, 4, 5, and 6 ft. over 
all. Using these sections, a careful preliminary 
design was made for each type of bridge to be built. 
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Differences in loadings were met by the use of angles 
of different thickness. 

The stresses in bents of the types used for these 
structures are indeterminate statically. The exact 
calculation of these stresses for structures of more 
than two columns was impractical on account of the 
time and labor involved. A mechanical solution of 
statically indeterminate structures,“ developed 
by Prof. G. E. Beggs, of Princeton, seemed admir- 
ably suited to this problem. A set of Beggs’ 
apparatus, consisting of six deformeter gauges and 
three microscopes, was purchased and used in design- 
ing these structures. In general, the mechanical 
determination of the stresses in a bent consists in 
obtaining the relation of the deflections, at various 
points on a cardboard model of the bent, to a known 
deflection made at the base of each column in turn. 


GENERAL ELECTRIC REVIEW 


Vol. 30, No. 4 


its column by means of a clamp or a small pin, depend- 
ing upon whether the column is to be considered as 
fixed or pin ended. These deformeter gauges are 
merely mechanical devices for making a given small 
horizontal or vertical movement or rotation, by in- 
serting very accurately machined plugs of several 
sizes between bearings in the fixed and movable 
parts of the gauges. Microscopes with a graduated 
field and a movable cross hair for measuring 
accurately the small deflections of the model are 
provided. 

As an example of practice, let it be required to 
obtain the influence lines for the horizontal reaction 
at the base of the first column of a three-column bent. 
The base of the first column is moved horizontally 
through a known distance by means of the gauge. 
All other column bases remain in their normal posi- 


Fig. 7. 


By Maxwell's theorem of reciprocal deflections, this 
relation is that of reaction to load. If the deflection 
ratios are plotted, and a smooth curve drawn for each 
column, the result is a set of influence lines for the 
reactions at the bases of the columns. 


The first step, then, in the mechanical solution 1s 
to cut a small-scale model of the structure under con- 
sideration from a thin sheet of high-grade cardboard 
(Fig. 7). To insure the same relative stiffness in the 
members of the model as in the steel structure which 
it represents, the widths of the several members are 
cut to vary as the cube root of the moment of inertia 
of the corresponding members of the structure. Only 
the reactions resulting from vertical loads, curve 
pull, and cross-track wind are determined by means 
of the model. The effect of wind parallel to the 
track can be taken care of by a simple analysis. The 
scale of the model is such that the total length 
of those representing five and six spans does not 
exceed 72 in. 

When the model is finished it is laid flat on a sheet 
of glass and ‘‘floated’’ on small steel balls. A deformeter 
gauge is screwed to the table top at the foot of every 
column. The movable half of the gauge is fastened to 


(1) Proceedings of the American Concrete Institute, Feb., 1922. 


View of Beggs Apparatus Showing Application of Apparatus to Model for 
Five-column Catenary Structure 


tions. The vertical displacement of the two truss 
Spans and the horizontal displacement of the three 
columns is measured at a number of points along 
the center lines of those members, and tabulated. 
These readings are divided by the known movement 
of the base of the first column and the results plotted. 
The required influence line can be drawn as a smooth 
curve through those points. Confusion is avoided by 
plotting the curves for the columns separately from 
those of the trusses. 

When a complete set of influence lines for reaction 
is prepared, the computation of the maximum mo- 
ments and shears in the structure, due to any system 
of loads, becomes simply a matter of statics. If the 
sections used in the original design are shown to be 
over stressed, it 1s, of course, necessary to change 
them by using heavier angles. Obviously, material 
change of section destroys the original ratios of stift- 
ness of members and invalidates all the influence 
lines based on the model. Large changes are not 
common and an attempt is made always to maintain 
approximately the same relative moments of inertia 
in making a revision. 

The results obtained with the Beggs apparatus 
have been checked repeatedly by statics and found 
to be correct in that respect. 
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Foundations for Catenary Structures 


While vertical loads on foundations are compara- 
tively small, high transverse values result from the 
assumed wind loading and curve pull. In the single 
columns with brackets for two tracks, the maximum 
load is across track; for bridge structures it is usually 
parallel to the track. 

Shallow rectangular side-bearing, or gravity-type, 
foundations are used. Loads are such that for two- 
track bracket construction the gravity foundations 
have a length of 12 ft. at right angles to the track 
and contain about 71% cu. yd. An equivalent side- 
bearing foundation contains about the same yardage 
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South Chicago branch vary from one to three tracks 
crossing two of the railroad tracks. 

Various methods were studied to handle this situa- 
tion, all being based on the fact that the surface line 
crossings must be energized to 600 volts at all times 
and insulated from 1500 volts. 

The details of the final arrangement are shown 
clearly in Fig. 8. 

As will be noted, the surface lines cross in a channel 
section to insure continuous contact with the trolley 
wheel, while the railroad company's contact wire 
and auxiliary messenger are sectionalized with a spe- 
cial wood-stick insulator for the three wires 12 ft. 


Fig. 8. Intersection of Two 600-volt Street Railway Lines with Two 1500-volt Catenary Systems. 
The Street Railway Circuit is Continuous Over the Crossing. The Catenary 
Contacts and Auxiliary only are Sectionalized 


and has a bearing area of about 65 sq. ft. The maxi- 
mum working earth pressures were taken at 5000 lb. 
per sq. ft. The gravity type was preferred generally 
where track spacing permitted the installation without 
shoring the tracks. For bridge structures, the gravity- 
type foundation was used, with the 12-ft. dimension 
along track. 

A concrete mix of 1:2:4 was used for caps of founda- 
tions; the body of large sections was made of 1 :214 :5 mix. 


Trolley Crossings 

On both branches, the Blue Island and South 
Chicago, there are grade crossings with the Chicago 
Surface Lines; there being six such crossings on the 
South Chicago branch and one on the Blue Island. 
The latter is a two-track intersection with a single- 
track line of the railroad company, while those on the 


on either side. Over this dead section the main 
messenger, which is continuous, is covered with heavy 
rubber hose so that the trolley pole will not come in 
contact with the 1500 volts should it come out of the 
channel. The trough through which the channel 
passes is set at an angle with the path of the panto- 
graph so that the pantograph will not rise into the 
trough. Skids are provided to carry the pantograph 
in the same plane as the underside of the trough, and 
an additional approach for the pantograph is built 
between the wood section insulator and the trough 
to deflect the pantograph to the plane of the skids. 
Between the two troughs the pantograph is carried on 
two sections of T-bar discernible in the photograph. 
The weight of this crossing equipment is not carried 
on the messenger but is carried by steel poles set for 
this purpose. 


208 April, 1927 


GENERAL ELECTRIC REVIEW 


Vol. 30, No. 4 


Methods of Constructing Overhead Equipment 
of Illinois Central Railroad 


Special Problems Raised by Working Conditions—Equipment Built to Overcome Them—Method of 
Erecting Transmission Line—Rapid Work Facilitated by Ingenuity of Contractor— 
Stringing Signal Control and Telephone Cable 


By S. R. NEGLEY 
Assistant Engineer, Chicago Terminal Improvement 


URING the construction of 
D the catenary and power 

distribution systems of the 
Illinois Central, several ingenious 
and labor-saving methods were 
developed and used to great 
advantage. Throughout the con- 
struction period the railroad com- 
pany was operating more than 
four hundred trains daily over 
the tracks being electrified, and 
of necessity could give up the 
tracks for construction purposes 
for only a limited amount of time. 
It was necessary therefore to devise 
methods of erection in which the 
tracks could be released for service 
at the end of the work period each 
day and have all construction in the clear so as to 
be of no hazard to train operation. All stringing of 
wire was done with this in view and a minimum of 
train delays occurred. 


Erection Equipment 

The erection equipment as used in the construction 
consisted of eight permanent tower cars, three reel 
cars for main and auxiliary messenger and contact 
wire, two light reel cars for transmission wire, four 
tool cars and one locomotive crane. 

The details of the tower cars are plainly shown in 
Fig. 1. The platforms were adjustable having a 
“minimum height of 15 ft. 8 in. and a maximum of 
19 ft. 8 in. The platforms were raised and lowered 
by means of a “crab” mounted in the center of the 
car on the floor of the flat car proper. The hand rail 
was hinged so that it could be let down when the car 
was not in use. For night construction, the towers 
were wired and projectors placed so that they il- 
luminated the tops of the cars and the work. Lighting 
current was provided by a gasoline engine-driven 
generator located in the tool car. 

The reel car used for stringing the main mes- 
senger, auxiliary messenger and contacts was so 
constructed that it held six reels; the rack or reel 
cradle extended as a unit the full length of the car. 
Incorporated with the rack was the brake rigging. 
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The reel axles were square, except 
bearings, and braking was done by 
means of a brake band with hand- 
wheel adjustment, a square hole 
arbor plate having been specified 
for all catenary material reel heads 
to take this square axle. 

The reel cars used for stringing 
the No. 1 triple-braid weatherproof 
wire were lighter in construction 
than those used for the catenary 
materials and differed in other 
respects. The reel rack in this case 
contained space for 12 reels, and 
the reel axles were round. Braking 
was accomplished by turnbuckle 
adjustment on a spring plate ap- 
plied to the edge of the reel head. 

The tool cars contained space for small fittings, work 
benches, tools and small erection equipment. These 
cars were reconstructed box cars, and on one end was 
mounted a set of rollers to take the transmission line 
wires from the reel car and also a large roller to carry 
the messenger and auxiliary messenger and contacts 
when stringing. 


Transmission Line Erection 

The 4000/2300-volt distribution and signal circuits 
were composed of No. 1 hard-drawn solid copper with 
triple-braid weatherproofing. 

For the most part, the catenary supporting columns 
were so located that a track was available adjacent to 
the column for stringing purposes, and in such cases 
the wires were strung with the aid of a locomotive 
crane. A nine-way gang roller was designed and built 
to be mounted on the cross arm. A train consisting of 
an engine, reel car, locomotive crane, tool car and 
tower car was used for this work. All of the 1/0 triple- 
braid weatherproof wire was ordered in lengths of one 
mile each. The wire was passed from the reels over 
the rollers mounted on the end of the tool car and 
through a system of rollers and guides on the end of 
the crane boom (Fig. 2). The train was moved along 
the track adjacent to the column and as the structure 
was passed the boom was lifted and a lineman placed 
the wires in position in the rollers. With this outfit a 
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maximum of eight wires were placed in the rollers 
with one movement of the train and with the minimum 
number of men. With two reel cars and fair track 
conditions, sixteen wire miles have been put in the 
rollers and temporarily sagged in one day, stringing 
eight wires at one time. A follow-up gang permanently 
sagged the wires in the rollers, replaced the rollers 
with insulators and tied them in. No difficulty was 
encountered in transferring the wires from the top to 
the bottom arm where necessary. 

In that territory in which the cross arm could not 
be reached with the crane boom, an ingenious method 
of stringing was devised by the contractor and used to 
great advantage. A pulling plate (Fig. 3) was designed 
and built of a steel plate, triangular in shape, approx- 
imately thirty-four inches long. Small angles were 
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the permanent suspension clamp which was to replace 
the roller after the wire was strung. Insulators, rollers 
and clamps were hung at the same time. 

In order to further facilitate rapid stringing, all 
main messenger wire had been ordered with the inner 
end brought out through a hole in the reel head large 
enough to pass the main messenger splice fitting. A 
group of linemen were trained under careful super- 
vision in the application of splice fittings, for it was 
recognized that the value of the fitting depended 


Pipe Spacers 


Fig. 2. Rollers Used in Stringing the Transmission Lines 


Fig. 1. 


Clipping the Contact Wires and Auxiliary, Showing the Details of the Tower Car. 


Note the “crab” 


for raising the towers mounted in the center of the car 


riveted to the underside of this plate having the same 
distance between angles as the center-to-center dis- 
tance of the rollers mounted on the cross arm. Holes 
were drilled along the base for the attaching of six 
wires. A line was passed over the center roller of the 
gang mounted on the cross arms and, after anchoring 
the reel car, the locomotive was attached to the other 
end of the line and the wires pulled through. In this 
way it was possible to string approximately six wire 
miles in one working day. This work was done with a 
team or truck where 1t was impossible on account of 
track conditions to use the work train. 


Erection of Catenary System 

The stringing of the catenary system was a group of 
several complete operations. 

Previous to stringing the main messenger a small 
gang of men had placed the suspension insulators in 
their permanent position over the tracks and attached 
to them a roller-bearing roller capable of taking the 
load of the main messenger, which weighs one and 
one-half pounds per foot. Wired to this assembly was 


Fig. 3. 


Pulling Plate Specially Designed for Stringing the 
Transmission Lines 
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primarily upon its application. These splice fittings 
were put on each end of the reel in the material yard 
before the wire was loaded on to the reel cars. The 
stringing of the main messenger was done with the 
same equipment as the transmission line, except for 
the heavier reel car as previously described. 

A large single roller was placed on the end of the 
crane boom and the main messenger passed over it. As 
the train passed each structure the boom was raised 
and the main messenger placed in the sagging roller 
attached to the insulator. Enough tension was kept 
on the messenger by means of the brake to keep it 
pretty well in the clear when stringing. From one 
to five miles were strung and sagged in this manner 
in one working day, returning the track for traffic at 
the end of that time. Fig. 4 shows the operation in 
detail. 


E 


GENERAL ELECTRIC REVIEW 


Vol. 30, No. 4 


the one reel of auxiliary covered two continuous reels 
of contact wire or a total of four contact wire reels. 

In order that the contacts and auxiliary messenger 
could be strung at the same time it was necessary that 
some form of gang roller be developed in which three 
wires could be suspended from the hangers and 
tensioned prior to being clipped. It was advisable 
also that the rollers be so constructed that the 
position of the wire in the rollers be as near as pos- 
sible the same position as when the wire was clipped 
in. The gang roller was built so that the two contact 
wires were passed over one pair of rollers on a com- 
mon shaft while the auxiliary was passed over a 
roller mounted above the contact wire. These rollers 
were mounted on a strap which was hooked over the 
auxiliary messenger clamp on the lower end of the 
hanger. 
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Fig. 4. Stringing the Main Messenger. Note brake rigging on the heavy type reel car, and the arrangement 
and use of the train equipment 


The hangers were calculated by a graphical 
method, and previous to their distribution in the field, 
were assembled on a section of pipe in the order in 
which they were to be placed in the span. Due to 
the various lengths of spans the hanger spacing was 
necessarily variable, the adjustment being made in 
the center and the ends of each span. It was possible 
to group these spacings in four groups, 1.e., there were 
only four variations of hanger spacing in any number 
of span lengths. In order to facilitate placing the 
hangers on the messenger the contractor devised an 
extension of this graphical hanger calculation method 
by making up tapes having four sets of marks for the 
hanger spaces and also marked for span lengths for 
setting the tape. The tapes were of sufficient length to 
be strung alongside the messenger between structures. 
The lineman who placed the hangers also removed 
the rollers and placed the messenger in the suspension 
clamp. The linemen then read their tape setting and 
spacing from the tag attached to the span of hangers. 
The tape was clamped between two bridges in accord- 
ance with this information, and the linemen rode the 
messenger, transferring the hangers from the pipe to 
their proper position on the main messenger. 

In order to avoid splices as much as possible the 


contact wire, and in general the auxiliary messenger, . 


were ordered for one particular section and usually 


The auxiliary messenger and two contacts were 
then run out with a train consisting of an engine, reel 
car, tool car and four tower cars. The linemen toward 
the front of the train placed the rollers on every other 
hanger and those following lifted the three wires in 
their position. The regular day’s run for this 
work was about ten thousand feet, which included 
tensioning. 

The “clipping in” process or attaching the auxiliary 
hanger and contact clips was by far the slowest 
operation, but a train of four tower cars with 14 to 16 
men handling clips clipped in as much as 10,000 ft. in 
one day. The contact wire clips were to be spaced so 
that the distance between clips was in all cases equal 
to la the distance between hangers. The contractor 
developed an ingenious method of spacing these clips 
by the use of a piece of elastic having a hook on each 
end to attach to the hangers and small markers for 
the clips. The latter were so placed that the distance 
between the marks was one-half the length of the 
tape. This tape being made of elastic, all variations in 
hanger spacing were automatically taken care of. 
(Fig. 5). The clipping process was most efficiently 
performed by working four men to each tower car. It 
was at this time that all kinks were removed from the 
wire and the wire greased to prevent formation of scale 
from steam locomotive exhaust. 
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Signal Control and Telephone Cable 


The signal control cables are supported on the 
catenary structures south of 80th Street to the end of 
the line and also on the Blue Island and South 
Chicago Branches. In general, these cables and mes- 
sengers were strung in the same manner as the main 
messenger, though on the south end of the line they 
were installed without work train service. The l4-in. 
extra high strength steel supporting messenger was 
strung out on the ground and then lifted to a position 
approximately seven feet from the ground and sup- 
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being pulled at the same time with an equalizer. In sag- 
ging a long section of messenger the sag was checked 
in three places to insure all the slack being pulled 
out. However, by pulling all wires to 50 per cent 
more than normal tension and then slacking back, the 
tension was found to be quite uniform throughout the 
length of the section. 

Practically all of the overhead catenary system was 
strung by the end of June, 1926, after which all work 
trains were placed on the special and clean-up work. 
All wires had been pulled into position as near as 


Fig. 5. View of Clipping Process on Top of the Tower Cars, Showing 
the Elastic Spacing Tape in Use : 


ported by a special clamp attached to the structure at 
this point. The supporting messenger was then sagged 
in this position. The control cables were next laid out 
along the structures and with a gang of men to clip, 
they were lifted and clipped to the messenger. All 
that remained was to raise the messenger and cables in 
position on the structure, which was done with four- 
inch blocks. 

The main messenger and all No. 1 triple-braid 
weatherproof wires were tensioned by the use of a 
sag rod or measuring stick. Due to the necessity of 
obtaining extreme accuracy in: the former it was 
sagged with the aid of a surveyor's level to read the 
deflection. The contacts and auxiliary were both 
tensioned with a dynamometer, the two contact wires 


Fig. 6. Stringing the Power Transmission and Signal Circuits. Note the 
rollers mounted on the cross arm, and on the end of the crane 
boom 


possible when they were strung, but all special insula- 
tion, pull-off fittings, steady arms, etc., were yet to be 
installed. This clean-up work required practically five 
weeks to complete, the majority of the work being in 
the vicinity of interlocking plants where it was 
impossible to work on any track but a short length of 
time between trains. 

Construction was started on August 3, 1925, al- 
though the force at this time was very small, and it 
was approximately October first before the construc- 
tion program assumed any appreciable proportions. 
The first revenue train was operated July 21, 1926, 
over the local tracks between Randolph Street and 
Sixty-seventh Street, and on August 7th, formal open- 
ing of all service was made. 
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The Multiple Unit Cars for Suburban Service 
on the Illinois Central 


Cars Designed After Preliminary Survey of all Existing Types—Incorporate Many Novel Features— 
Electric and Air Control Equipment Specially Designed and Built—Operation of 
Equipment—Rigid Tests Given Cars Before Entering Service—School 
Established for Prospective Motormen 


By A. H. WOOLLEN, Equipment Engineer, and A. R. WALKER, Assistant Engineer 


Chicago Terminal Improvement 


HE general type of steel sub- 

urban cars for the Illinois 

Central suburban service were 
first designed in 1921. Their con- 
struction wastheresult of data gath- 
ered from studies made of suburban 
cars all over the world, which were 
applied to the particular conditions 
of the Illinois Central. The first 
series of these cars, 20 in number, 
No. 1301 to 1320, were built in 
1921 and their operation watched 
until 1923, when additional cars 
were required. As a result of this the rolling stock, and after con- 
observation certain modifications sideration had been given to train 
of the earlier cars were made to A. R. WALKER make-up, a unit of one motor car 
reduce weight and 25 new cars and one trailer car semi-perma- 
were built, No. 1321 to 1345. The modifications nently connected was decided upon as a basic unit 
consisted of aluminum alloy roof, aluminum doors for trains, which might be composed of from one 


and interior sheathing, and a short- 
ening of the truck wheel base three 
inches. Electrification of the sub- 
urban service was considered in the 
design of both series of cars. The 
actual weight of the first cars 
equipped for electric trailer opera- 
tion is 94,800 pounds, and of the 
second series 87,200 pounds, or a 
saving of 7600 pounds. 

The plans for electrification were 
completed in 1923 to the point 
where it was necessary to design 
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Fig. 1. Eight-car, Four-unit Electric Train on 4 Sub 
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to five of these units. This plan made it possible 
to use the 45 cars of the first two series as 
trailers with only minor additions, and to design the 
new motor cars independently of what had been done 
before. However, after a thorough study of what was 
then the latest types of suburban cars as compared 
to the cars which had been running in steam service, 
it was decided to continue the general plan of car 
in the motor car, and all car bodies were made prac- 
tically alike. Figs. 1, 2, and 3 are general views of 
the exteriors and interiors of these cars. 


Mechanical Description of Cars 

The features which immediately command the 
attention of the riding public to the cars are the 
spacious platforms, the unusually wide aisles and 
doors, and the general roomy appearance of the car 
interior. This interior also has a bright appearance, 
due to the head-lining being finished practically 
white, the large size of the windows, and the numerous 
light fixtures on the lower deck rail. The absence of 
basket racks and hanging cords is also a notable 
characteristic. The interior view is shown in the illus- 
tration, Fig. 3. 

The safety and comfort of passengers, as well as 
the facilities for handling crowds, were given prime 
consideration in the design of the equipment. 

Prominent among these features are the all-metal 
construction of the car body, the completely vesti- 
buled platforms and the sliding doors throughout. 
Ample ventilation is provided by monitor sash ven- 
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tilators. The electric lights are placed over the seats 
so that each passenger has ample light for reading. 
Windows 24 in. by 28 in. are placed opposite each 
seat, and are designed so as not to obstruct the 
passenger’s vision when raised. 

The motor and trailer bodies are alike, with the 
exception that the motor car underframe is designed 
to carry the control apparatus and the roof to carry 
two pantographs, one over each truck center. The 
body of the car is built entirely of copper-bearing 
steel. The inside sheathing and the doors, of which 
there are eleven per car, are made of sheet aluminum. 
The outside roof sheaths are of aluminum alloy. The 
inside head-lining is fireproof agasote. 

The general dimensions of the car are as follows: 


Length overall coupled ic siini kd aaa 72 ft. 7% in. 
Length over body corner posts.............. 60 ft. 6% in. 
Length between truck centers............... 47 ft. 9 in. 
WiOCH-OVETAll ELA > < 5.4 55 K5 ced eS ewes 9 ft. 11% in. 
Width Over TAD COOL ORDES. 0. ccoo 101t. 9 1. 
Width over Delt ral Tiveteic ios aia 9 ft. 93% in. 
Height from top of rail to top of platform.... 4 ft. 35% in. 
Height from top of rail to top of carline...... ig itt. 0 Ya 
Clear width:of end side Goorsis +. co... £tt. 0. an. 
Clear opening of sliding end doors leading from 

SHU OF PISO LO licor bs ceo 09 4ft. O in. 
Clear width of end vestibule door............ Zit 2. 10; 
Spacing of cross seats center to center........ 2 ft. 9% in. 
A E NARA 2 ft. 74 in. 
TOI GEALA CADA ais dar A 84 
Weight, Motor car light... +0... <0. 3.0» 141,200 1b. 
Weight, Tratler car DE) cisco rraiea 87,200 lb. 


(New cars 1926) 


The framing conforms to the usual practice for 
steel car construction. The center sills, side sills and 
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side plates are rolled structural shapes. The side 
posts and carlines are steel pressings. 

Composite floors, insulated with hajrfelt, are 
used .throughout. Special care was exercised in 
providing ample insulation to keep the cars warm 


Fig. 2. 
Showing the Motor Car and Trailer 


in the winter and cool in the summer. This is 
accomplished by the application of three-ply Sala- 
mander to the sides and roof sheets of the car. 

In designing the seating 
arrangement, particular at- 
tention was given to pro- 
viding ample room between 
the seats, and ample height 
of back and seat cushion 
for the comfort of passen- 
gers. No ends are provided 
on the seats, in order that 
the passengers may enter 
and leave quickly and con- 
veniently. The width of 
the aisle at the seat end is 
about 31 in., increasing to 
36 in. at the edges of the 
seat backs. There are 34 
rattan-covered cross seats 
and four longitudinal 
seats, providing a seating 
capacity for 84 passengers. 
The standing space in the 
aisles and vestibules will 
permit 109 passengers to 
stand comfortably. Rico 
hand straps afte provided over the longitudinal seats 
and grab handles on the backs of the cross seats are 
provided to further the comfort of those passengers 
who are standing. 


GENERAL ELECTRIC REVIEW 


Standard Two-car Multiple Unit Train on the Illinois Central, 


Fig. 3. 
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At each end of the car there is a vestibule of such 
depth that side door openings with a clear width of 
48 inches can be obtained. These door openings are 
provided with sliding doors operated by electric 
motor-driven door engines, with the exception of the 
first two lots of 45 cars 
which are operated by elec- 
tro-pneumatic engines. 
Control for these doors, 
placed in the passageway 
between the cars, is so de- 
signed that the trainman 
can open either the four 
doors on either side of the 
unit with one operation, or 
only the door adjacent to 
him. The door is provided 
with a safety edge so that 
if it meets an obstruction 
in closing it comes to a 
standstill and stays in this 
position until the obstruc- 
tion is removed. This 
makes it impossible for a 
passenger to be caught in 
the door in such a manner 
| as to cause personal in- 
juries. Provision is also made so that the door can 
be operated by hand in case the door engine should 
fail. The door opening between the body of the car 
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Interior View of Motor Car 


and the vestibule has a clear opening of 48 inches 
and is provided with double sliding doors geared so 
that they operate together. The vestibule end door 
has an opening of 26 inches. The doors which cover 
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the control mechanism at each end of the unit are so 
arranged that when they open they form an enclosure 
4 ft. by 3 ft. 10 in. This space forms the cab for the 
motorman. A folding seat for the motorman is pro- 
vided in the partition between the car body and the 
vestibule. 

Two trap door steps are 
provided on the trailer 
adjacent to the motor car. 
These steps are for emer- 
gency use as high station 
platforms are used through- 
out the suburban zone. 

Another safety feature is 
the use of non-shattering 
glass in the vestibules at 
each end of the units. This 
glass may be broken with- 
out scattering the frag- 
ments. 

The trucks, Fig. 4, have 
cast steel frames with the pedestals cast integral. 
The wheels are of rolled steel. Clasp brakes are used on 
both motor and trailer cars. The trucks were assem- 
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Fig. 5. Control Mechanism in Motorman’s Cab 


bled at the car builders’ plants, and in the case of 
the motor cars the motors and gears were also 
mounted by the car builders. 
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The cars are finished outside in dark olive green 
with gold lettering and black roof. The interior is 
dark red to the advertising cards, and has a white, 
enamel-like finish on the lower decks and in the 
clerestory. 
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Fig. 4. Truck of Motor Car for Multiple Unit Train 


Motors, Control and Auxiliary Equipment 

The traction motors on each motor car are four 250 
h.p.nominal rated full ventilated series railway motors. 
There are two motors on each truck connected per- 
manently in series, each motor being geared to one 
axle. These motors will accelerate a train at 1.5 miles 
per hour per second and have a balancing speed of 
60 miles per hour, although under favorable condi- 
tions trains have attained speeds as high as 70 miles 
per hour. Half of the motors are the General Electric 
Company Type GE-285A and half are Westinghouse 
Electric and Manufacturing Company Type 587-D5. 

Current is collected from the overhead catenary 
system by means of pantograph trolleys, two on each 
motor car. Under normal conditions only one panto- 
graph on each motor car is used, the other being kept 
for emergency. These pantographs are raised by 
springs, maintaining a contact pressure of about 20 
pounds against the contact wires. They are lowered 
by- means of an air piston which operates on 70 pounds 
control reservoir pressure. The pantograph is held 
down by an air-operated latch which may be tripped 
with a pole from the ground if desired. The air devices 
are supplied by magnet valves which are controlled 
by push buttons in each cab. A selector switch in 
each pantograph circuit determines which panto- 
graph will be used. In this way all active pantographs 
on one train may be controlled from the driving cab. 

The motors are controlled by a pneumatic-cam 
controller which provides for multiple-unit car 
control from one cab, with automatic acceleration. 
The controller unit consists of a bank of contactors 
operated mechanically by means of a cam shaft which 
is rotated by an air engine. This engine is controlled 
electrically by means of magnet valves which are 
operated by a master controller through a train 
line from any motorman’s cab in the train (Fig. 5). 
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Accelerating relays (one on each motor car) control 
the rate of acceleration, and may be set for a predeter- 
mined rate. A by-pass feature on the master controller 
and accelerating relay allows a temporary increase 
or decrease in the rate of acceleration. The reverser 
is contained in the controller unit. ‘ 

Four other pieces of apparatus are auxiliary to the 
controller. 

(1) The line breaker closes the motor circuit initially 
and is the first to break the circuit when the control 
is shut off. This device consists of two electro-pneu- 
matic contactors connected in series. 

(2) The field control switch, consisting of four cam- 
operated contactors, automatically taps the fields of 
the motors to increase speed when the control has 
reached the full-field parallel position, and the motor 
current has dropped to a predetermined value. A 
separate current relay installed with this piece of 
apparatus controls its operation. 

(3) The potential relay closes as soon as the panto- 
graph comes into contact with the overhead wire and 
drops out if the line potential falls below 800 volts. 
When the relay is open the controller cannot be 
operated. This is for protection in case the line voltage 
drops or is lost altogether. It prevents the restoration 
of voltage on the motors with resistance out of the 
circuit. 

(4) An aluminum-cell lightning arrester is installed 
under the car with a suitable choke coil. 

All control circuits, lights, and doors are operated 
on 32 volts direct current which is furnished by a 
314-kw., 1500/32-volt motor-generator set which is 
installed on each motor car, and operates continuously 
whenever the pantograph is in contact with the wire. 
A 300-ampere-hour Edison storage battery floats 
on the system and acts as a standby in case of failure 
of the motor-generator set. This battery is located 
on the trailer car. Diagrams of the 1500-volt and 
32-volt circuits are shown in Figs. 6, 7, and 8. 

Tomlinson automatic couplers made by the Ohio 
Brass Company couple the cars together mechanically, 
electrically, and pneumatically. There are two air- 
pipe connections for connecting the brake pipe and 
main reservoir pipe. The control train line is connected 
thrcugh the couplers by brass contacts under spring 
pressure. Between units 28 contacts are used, all for 
32-volt control and auxiliary circuits. Between motor 
car and trailer 29 contacts are used for 32-volt control 
and auxiliary circuits and one 1500-volt contact for 
the heater bus line. 

The couplers are equipped for semi-automatic oper- 
ation between motor car and trailer and for full 
automatic operation between units. Between units 
the couplers are operated from either adjacent motor- 
man’s cab by push buttons which control magnet 
valves which operate an air piston to uncouple the 
cars mechanically, and air-operated drum switches 
connecting all circuits together. When the cars are 
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uncoupled they open the circuits to the coupler con- 
tacts. A cutout cock is connected to each end of the 
drum switches so that when cars are uncoupled the 
brake train line and reservoir line are closed. 

The brake equipment (Figs. 9 and 10) is the type 
PS New York Air Brake Company electro-pneumatic 
brake schedule, the pneumatic portion of which isa 
standard triple valve with separate emergency valve. 
The electric controlconsists of three magnet valvescon- 
trolled by a drum switch contained in the engineer’s 
brake valve so that all braking operations in all cars of 
a train are simultaneous. One magnet valve controls 
the service application, in which air is vented locally 
on each car from the brake pipe to the brake cylinder 
and after the triple piston moves, direct to atmos- 
phere; one operates the emergency; and the other pro- 
vides a holding feature so that when the brake valve 
is placed in the electric holding position, each triple 
valve goes into release, but the air is held in the brake 
cylinder by this magnet valve and may be released in 
any number of steps or graduations by the engineer's 
valve, providing a very smooth deceleration. The 
air brakes are interlocked with the motorman’s master 
controller so that in case of sickness or death of the 
motorman, the train control will be shut off and the 
emergency brakes applied as soon as the motorman's 
hand releases the controller handle. This release 
feature operates only when the reversing lever is 
thrown to either the “forward” or “reverse” position. 
Air is compressed by a 1500-volt air compressor of 
35 cu. ft. per minute piston displacement. There is 
one compressor on each motor car. The compressors 
are controlled by air-compressor governors which are 
synchronized by a control wire so that one compressor 
on a train is not unduly overloaded in case of a lea 
on that car. 7 

The motorman’s starting signal consists of a small 
green light which 1s in series with switches on each 
door on the train so that the light appears as soon 
as all doors are closed. This operates only when the 
reversing handle is thrown to the “forward” position. 
In case the handle is thrown in the “reverse” position, 
a yellow light appears instead of a green. In case of 
emergency an electric buzzer is provided which may 
be operated by a button in each car vestibule. This 
circuit is fed from the control system and only sounds 
in the cab actually being used. 

Each motor car is provided with a mercury kilowatt- 
hour meter which measures all power used on the 
unit except by the heaters. Each motorman's cab 
is provided with distant meter dial similar to the 
master meter which is operated electrically from the 
meter of that unit. | 

The cars are heated by electric heaters placed 
under the seats. The heater units in the motor cars 
were made by the General Electric Company and 
assembled by the Consolidated Car Heating Com- 
pany; those in the trailer cars were furnished by the 
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Fig. 6. Master Control Circuits on Motor Car of Multiple Unit Train 
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Fig. 7. Master Control Circuits on Trailer Car of Multiple Unit Train 
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Fig. 8. 1500-volt Circuits on Motor Car 
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Fig. 10. Diagram of Brake System Piping on Trailer Car 
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Railway Utility Company and contain Chromalox 
strips. The heater units are of the enclosed type 
in which the heating element is completely in- 
cased so that it is impossible for a passenger to come 
into contact with a live wire. The heater elements 
are connected in series for operation on 1500 volts 
and are controlled by thermostats on each car. Each 
thermostat has two cutting-out points, 50 degrees 
and 65 degrees. Current is transmitted to the trailer 
through the heater bus line which has two magnetic 
contactors in series with it. The control of these con- 
tactors is so interlocked with the couplers that it is 
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impossible to uncouple a trailer from a motor car 
and have the 1500-volt coupler contact alive. The 
heater and heater control circuits are shown in 
Fig. 11. 

The bus line contactors above mentioned are 
mounted in a box under the motor car together with 
five other electro-magnetic contactors, one for the 
motor-generator, one for the air compressor, two 
for the car body heaters and one for the cab heater. 
In a similar box under the trailer are mounted three 
e:ectro-magnetic contactors, two for the trailer car 
body heaters and one for the trailer cab heater. 

All conduit, junction boxes and fittings are com- 
posed of an aluminum alloy, which reduces the 
weight of the new car approximately 6100 pounds as 
compared to one equipped with iron conduit and 
boxes. All wire on the motor cars except the control 
cable is Kerite. The trailer cars were wired with 
Okonite. All control cable and jumper cable was 
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furnished by the General Electric Company. The 
arrangement of conduit under a car is shown in 
Fig. 12. 

The cars have been inspected, passed and labeled 
by the Underwriters’ Laboratories, Inc., as conform- 
ing to the rules and requirements of the National 
Board of Fire Underwriters. 


Inspection and Testing of Electrical Equipment at Factory 
The electrical car equipment furnished by the 

General Electric Company consisted of the control 

equipment, one-half of the traction motors, the 
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. Close-up View of Underneath Part of a Car, Showing the Arrangement 
of the Aluminum Conduit and Conduit Boxes * 


air compressors, one-half of the heaters and the 
watthour meters. The Westinghouse Electric and 
Manufacturing Company furnished the balance of 
the traction motors. When the decision was reached 
to split the order for the traction motors, the two 
companies were directed to make the motors inter- 
changeable insofar as truck application and speed 
curve were concerned. Each company manufactured 
a sample motor which was completely tested by the 
Illinois Central engineers in conjunction -with the 
manufacturer’s engineers, and the two samples com- 
pared by the Illinois Central engineers. The com- 
panies came within three per cent of the calculated 
speed curves and of each other, the motor of the 
General Electric Company being the faster of the 
two. 

The first production motor of each company was 
also completely tested, and again they came within 
3 per cent of the sample motor curves. Each motor 
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after this was tested for speed, bearings, and high 
potential. Every fiftieth motor was given a complete 
test, including core and copper losses, speed curve in 
both directions, resistance of windings and heat runs. 
Special tests to determine stability against flashover 
were also taken. One typical set of control apparatus 
was given a complete test at the factory, including 
heat runs on all current-carrying parts and rupturing 
tests on the line breaker. 

The motor-generator set was first built as a sample 
and completely tested under the same conditions 
and with the same regulating apparatus and storage 
batteries as were to be used on the cars, and after 
the sample set had been approved the first production 
set and each fiftieth set thereafter was completely 
tested. These tests included regulation, speed, heat 
runs, and susceptibility to flashover under normal 
and excess voltage conditions. 

The air compressor being a standard machine, was 
produced under normal manufacturing conditions, the 


first and each fiftieth machine being tested for speed, 


heating, delivery of air, quality of air, and stability 
of motor against flashover under normal and excess 
voltage conditions. 

The testing of all the apparatus in this manner 
made certain that the performance of the cars would 
be close to the calculated and desired performance. 
It was demonstrated later when the cars were oper- 
ating that the knowledge gained from the preliminary 
tests was of inestimable value in finding troubles 
quickly and correcting them. It also helped when it 
came to designing the wiring on the cars so that 

trouble could be quickly isolated and repaired. 


Inspection of Multiple Unit Cars 


The motor cars were inspected in the Pullman 
Company shops by two groups of inspectors, one of 
whom followed the installation of electrical equip- 
ment, and the other the construction of the car 
bodies and trucks. The combined inspection force 
consisted of about 18 men. 

At first the work consisted largely of inspecting 
and checking the steel work, riveting, etc. Great 
care was taken in inspecting the fit of the aluminum 
plates of which the roofs were constructed, and each 
roof was given a thorough water test to be sure that 
there were no leaks. As soon as the car bodies were 
completed they were sand-blasted. This work was 
inspected by the paint inspector to insure a perfectly 
smooth surface. The conduit was then installed and 
was carefully inspected to be sure that it was bent 
to fit properly before being strapped on, so that there 
would be no strains which might cause failure later. 
The ends of the conduits were properly reamed, and 
all sharp edges were removed. Couplings and elbows 
were inspected for cracks, and care was taken to 
see that all were tightly fitted. As the equipment was 
installed and wire pulled in, it was necessary to watch 
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very closely to make sure that no splices were pulled 
into the conduit, and that the conduit was properly 
sponged out. 

‘One inspector was detailed to the truck shop to 
witness the installation of the motors and the packing 
and oiling of the bearings. 

As the interiors were completed they were given a 
thorough inspection. It was necessary for each window 
and each seat to slide easily, and each latch and lock 
to work smoothly before the car passed inspection. 
The paint and finish was made perfect on both the 
inside and the outside before it was accepted. 

As soon as the installation of electrical apparatus 
was completed, the 1500-volt circuits, not including 
motors, were subjected to a high potential test of 5000 
volts alternating current to ground for one minute. 
This test indicated any wires that had been cut or 
scraped in pulling them into the conduit. All appara- 
tus was then given a thorough electrical test. Thirty- 
two volts were impressed on the low-voltage circuits, 
and air pressure was applied to the reservoirs and 
the controller was notched up, the pantographs were 
raised and lowered, the couplers were operated, the 
doors and door signals were tested and the brake 
magnet valves operated, and as each piece of appara- 
tus was operated, a voltmeter was applied to the 
coupler contacts to see that each corresponding con- 
tact was respectively energized. As soon as the motor 
leads were connected, current was passed through 
the motors and grids and the I R drops were measured 
at the controller contactors across each bank of 
resistors and each motor field progressively from 
ground to determine if all motors were connected 
properly. Finally the insulation resistance of both 
the high- and the low-voltage circuits was measured 
by means of meggers. The 1500-volt insulation resist- 
ance was tested with a 2500-volt megger and a 
resistance of at least four megohms was required. 
The low-voltage insulation resistance was tested with 
a 1000-volt megger and it was required to show at 
least one megohm. Four megohms resistance were 
required between the high- and low-voltage circuits. 
In several cases where the insulation resistance was 
too low it was necessary to dry out the cars in a 
steam-heated room, which was very effective. 

The method of inspection of the trailers at the 
factory in Hammond, Indiana, was similar to the 
methods used at Pullman. 


Final and Running Tests of Completed Equipment and 
Instruction of Enginemen as Motormen 

As the cars were delivered, they were taken to the 
Burnside Shops where the motor cars and trailers 
were connected together. After a final inspection, 
the units were taken to the test track, a piece of 
track approximately one and one-half miles long 
between Burnside and Kensington, which was set 
aside for breaking in the new cars. On the test track 
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the pantographs were raised, the motor-generators 
and air compressors started and the pressure con- 
trollers and pump governors adjusted. If everything 
was all right the cars were started and tried in both 
directions, the necessary adjustments were made and 
the cars were run until they had made 250 miles or 
more. They were then turned back into Burnside 
where all defects not cleared on the track were taken 


care of. Later, after more track had been released 


for electric operation, these cars were taken out and 
run at high speed until they were passed by the in- 
spector as being ready for service as far as bearings, 
main circuits, brakes, etc., were concerned. The cars 
were then returned to Burnside where the minor 
defects were taken care of, and the cars were cleaned 
and delivered to the yard ready for service. 

The enginemen of the Illinois Central were offered 
the opportunity of going into the new electric service, 
and when it became apparent that they were all 
going into 1t the problem of their instruction arose. 

Five engineers were selected as the most promising 
material for instructors, and these men were sent 
on a trip, accompanied by a technical engineer 
thoroughly familiar with the equipment and its opera- 
tion, to visit railroads operating similar equipment. 

In the meantime an instruction room had been 
built and the equipment installed to illustrate the 
action of the control, air brake and auxiliary equip- 
ment. The actual apparatus was used, but was exposed 
as much as possible and operated by air and electrical 
supply as it was expected to function on the car. 
Three diagram boards were set up, the first being a 
schematic one, intended to show the control and 
having small lights at each contactor, and fans to 
represent motors. This board was so connected that 
when the master controller was operated the fans 
revolved and the lights were illuminated as each 
circuit changed. The second diagram board showed 
all lighting circuits with actual lamps, including head- 
light, markers and all body lights. The actual switches 
used in the cars were set up adjacent to the diagram 
and operated the lights. The third diagram illustrated 
the door operation, and lights were used to show 
which doors were operated from the control stations. 

The air brake rack included a motor car equipment 
complete with artificial train line and complete valve 
and reservoir equipment. 
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A typical pantograph, coupler, door engine, motor- 
generator and air compressor were installed and 
operated, and such equipment as magnet valves, 
lightning arresters, auxiliary and main switch- 
board panels were installed for viewing by the 
students. | 

In addition to the instruction room, an instruction 
book was compiled to assist the men in becoming 
familiar with the equipment. This included a com- 
plete description of all electrical and air equipment, 
the principles of operation, methods of handling in 
normal service, and the ways of locating some com- 
mon troubles, together with photographs and diagrams 
showing the various pieces of apparatus and all of the 
electrical circuits. 

After their return from the east, the instructors 
were taken to the car shops where the cars were 
under construction, and were thoroughly drilled on 
the operation of the equipment, so that by the time 
the first cars were delivered they were ready to go 
ahead with their running practice. As soon as the 
instructors were thoroughly broken in, the training 
course was worked out and the men started 
through. 

The entire course was divided into eleven stages. 
Each stage covered a certain part of the work and 
required two hours’ time. The first five stages were 
given in the instruction room, and the remaining six 
on the cars. In order to give everyone a chance to 
attend classes without losing time from their regular 
work, classes were conducted in the instruction room 
during two eight-hour shifts and on the cars for the 
entire twenty-four hours. The men were assigned 
to the classes by the traveling engineer,-who gave 
each man an enrollment sheet which was filled out 
by the instructor for each stage attended. When a 
man had obtained an instructor’s signature for each 
of the eleven stages, he would be assigned at the 
earliest opportunity for two days’ additional experi- 
ence running the cars which were being broken in. 
At the completion of the course each man had to 
pass a written examination successfully. In order to 
speed up the work, a complete two-car unit was 
located for several weeks at the round house where 
the men tied up. An instructor was stationed with it 
to answer questions and help the men as much as 
possible. 
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Inspection and Repair Shops for Illinois 
Central Electrification 


Plan of Maintenance Routine—Location of Shops Fixed with Reference to Car Movement— 
| Construction and Equipment of Light Inspection Shop — Construction and 
Equipment of Heavy Inspection Shop 


By A. H. WOOLLEN 
Equipment Engineer, Chicago Terminal Improvement 


HE inspection and repair 
facilities required for the 


electric operation of subur- 
ban service were designed and 
built on the basis of a system of 
light inspection every 1500 miles, 
heavy inspection every 6000 miles 
or every fourth light inspection, 
and overhauling at from one year 
to eighteen months, estimated to 
be from 35,000 to 53,000 miles. 


Light Inspection Shop 

The light inspection of multiple 
unit cars is accomplished during» 
the off peak day period when ap- 
proximately 75 per cent of the cars 
are stored in the vicinity of the 
downtown terminals. It was estimated that approxi- 
mately 414 hours would be required for doing this 
work, and in order to get over all of the cars every 
two weeks, or approximately every 1500 miles, a 
light inspection shop capable of holding 24 cars was 
designed and built in a location near 18th Street. 
This shop is long enough to accommodate a complete 
6-car train and is four tracks wide. Its general 
arrangement is shown in Fig. 1. 

The shop is constructed of a steel frame of the 
pre-manufactured building type covered with corru- 
gated galvanized iron sheathing and lined with celotex 
as a heat insulator. The floor is constructed of con- 
crete, with four concrete pits running the length of 
the building. The floor is depressed 10 in. and the 
. track laid on bridge timbers laid on top of the con- 
crete pits. The pit design, as well as the general layout 
of the building is shown in Fig. 2. There is a lean-to 
on the east side of the building which accommodates a 
light machine shop, office, wash and locker rooms, 
toilets, storehouse and heating plant. Each track door 
consists of a sliding hinge door which is opened 
manually from the ground. Sufficient pass doors are 
installed in the main doors to permit entrance and exit 
without opening the latter. 

The building is equipped with a so-called ‘‘trolley 
bug” to enable the cars to be moved in the shop under 
their own power, and to permit testing of 1500-volt 
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apparatus on the cars. This device 
consists of a small car to which is 
attached a long flexible cable termi- 
nating in a suitable hook designed 
to engage one of the car panto- 
graph horns. It was appreciated 
that the use of 1500 volts was un- 
wise in a shop unless special pro- 
vision for the protection of em- 
ployees was made, and an auxiliary 
control circuit was installed which 
is operated by a push-button on 
the handle of the hook engaging 
the pantograph. By this means 
the main trolley rails are energized 
through a car type line breaker 
only when the control circuit is 
energized by the man handling the 
hook stick. This device has worked very satis- 
factorily, and it appears that it is going to give 
good service during a long life. Special graded 
T-irons were installed in each track door to permit 
the pantograph to ride in or out of the shop 
without damage, and subsequent operation has 
proved this to be a desirable feature. In several 
instances pantographs were accidently raised as 
trains were leaving the shop, and in every case the 
T-iron saved the pantograph from injury. It will be 
noted in Fig. 2 that inspection platforms are installed 
the length of the shop to permit ready access to the 
roof of the cars. These platforms make a handy place 
to install the trolley bug. 

The building is heated by the unit system, drawing 
air from the floor and passing it over heated pipes to 
discharge vents halfway up the height of the building. 
This method was not absolutely satisfactory during 
the cold weather as the heat tends to pocket in the 
roof of the building and when the large doors are 
opened the main floor becomes cold. It is planned to 
reverse the direction of the air through these heaters, 
experiment having demonstrated that such a change 
will cure this condition. 

Suitable outlets for compressed air, water, 440-volt, 
3-phase, 60-cycle power, and 110-volt, single-phase, 
60-cycle lighting circuits are installed at regular 
intervals throughout the shop. 
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This shop is of a temporary nature, and at a later Heavy Inspection Shop 
date, probably when the new Central Station is built, a The heavy inspection of multiple unit cars was 
permanent light inspection shop will be built at or provided for in connection with annual overhauling 


near the present steam locomotive facilities at 27th facilities at the Burnside Shops by the addition of a 
new building of a permanent nature, erected in the 


Street. 
A O Nees ae a 
LL o o Prato =- = O9ft6AiM 7 
Boiler 911 Store 3 Mill Type Doors ' 
2 | Ramp Fo Room m4 Room Room 12 hop JS FtO0mMxI8ftOn:> 
La = == = == — yA AAA _ A A A2A2A+4+———AAAAA 
| => A € Ta Pi a ESO EAN ==>) ne. ni a —- 
Na Pa tion n Platform 7 A TR eta Món E Cn. = i a ose d AA 
| EEA A A "Track PUT de = i aed ee l TREPERE E ee ES AO = ARES 
= Se E - A : > De APA AAA 
non) F] FPantograph Guid Guides A Inspection Plat forms — an TO SIn Pantograph ÍA | 
a = is AS A E IN we E A A 
l re oe Pe ae eee == ees E SSS eee 
| j= da Biatform f for Monitor Sash Operator a ee tec Bitan Tion _6ft4in. _ Platformfor a E 
pees (ek a LA A AA = -h 
2 a yar . EA nt DRENERE 


A — -- --- 
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Burnside Shop Yard. This building, which consists of 
an inspection shop having a capacity of 16 cars and a 
repair shop, is intended, for the present, to take care of 
all such work as heavy inspection, stripping and 
assembling of the cars, and repairs to the electrical 
equipment such as main motors, motor-generators, air 
compressors, control apparatus, pantographs, etc. 
Car body work, truck work and wheel work is being 
taken care of in the regular departments of the 
Burnside shops for passenger car repairs, and it is the 
intention to carry this scheme through the first three 
or four years of operation. At a somewhat later 
date a stripping shop, assembling shop, truck shop, 
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auxiliary hoists. A 10-ton, 3-motor crane was installed 
in the repair shop portion. A special feature of the 
cranes in the inspection shop consisted of placing the 
control cages on the trolleys so that they would move 
with them and enable the operator to see down be- 
tween the aisles of cars. This has proved an excellent 
arrangement and has speeded up the work and 
assisted in the prevention of accidents. The shop 
is provided with indirect unit heating and with the 
necessary lighting and power plugs and air and 
water service. The pit tracks are elevated from 
the main floor so as to permit access to the underside 
of the car. 
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Fig. 8. Storage Yard at 18th Street 


blacksmith shop and wheel shop are planned for 
addition to the inspection and repair shop unit above 
mentioned. 

It is proposed to cover the heavy inspection of 
multiple unit cars every two months, the work to be 
done in approximately 16 hours. Capacity was pro- 
vided that would enable all of the cars to be inspected 
every two months and also to allow track and pit 
space for assembling and stripping. This capacity 
should be sufficient up to 1935, after which time an 
extension of the inspection shop, duplicating the unit 
now used, will be built. 

The shop consists of a steel framework with brick 
walls, concrete floors and four 4-car pits. The arrange- 
ment is shown in Fig. 3. A testing room for all appa- 
ratus was laid out in one end of the repair shop and 
office space provided above this testing room for the 
Maintenance Department having charge of the cars. 
Provision was made in the electrical repair shop for 
electrical repairs to passenger car apparatus in 
regular main line service, and for the maintenance of 
all storage batteries used on the system. The inspec- 
tion shop was provided with crane service consisting 


of two 25-ton, 4-motor electric cranes with 5-ton 
$ 


Additional Facilities 

Additional facilities were necessary in the form of 
small buildings at each night tie-up point to enable 
electricians, and air brake men to have a place to 
keep supplies, have telephone connection with head- 
quarters, and locker space. 

The cars are tied up at five points as follows: 


Sord Sreet AAN 48 cars 
SD. CAIDO aaa aaa ai 32 cars 


These will be combined at 83rd Street in the near 
future: l 
Rensneton Conti AD ra 


32 cars 
Dive Toland Coich Vases ic e a 20 cars 
Matteson Coach Yards: iia dni 12 cars 
van Dorta OGG SAPs cavidad 60 cars 


Inspectors inspect the cars as they come in at night 
and look over air brakes, pantographs, heaters and 
doors. The shop is equipped so that minor repairs 
can be made or the lighter apparatus and pantograph 
wearing strips replaced. 

It is hoped that these inspections can be abandoned 
after a year, when the cars are thoroughly broken in 
and the troubles due to apparatus design cease. It is 
believed that routine inspection as planned will take 
care of the situation. 


226 April, 1927 


GENERAL ELECTRIC REVIEW 


Vol. 30, No. 4 


The Signal System of the Illinois Central 
Chicago Terminal 


Method of Obtaining Signal Power Supply —Location and Grouping of Signal Lights Carefully 
Planned—Details of the Track Circuit Layout—Design and Operation of the Control 
System Possesses Interesting Features—Operation of Interlocking Stations 


By H. G. MORGAN 
Signal Engineer, lllinois Central Railroad 


HE improvement of the 
Chicago Terminal made 
necessary many changes in 
the existing signal system. Hall 
disk signals operated from storage 
batteries located at each signal 
bridge had been in service since 
the time of the World’s Fair. 
These batteries were charged 
periodically by small motor-gen- 
erator sets. The track circuits were 
operated by primary batteries. 

Preparatory to the extensive 
changes in grade and alignment 
of tracks, color-light signals (Fig. 1) 
were substituted for the disk signals 
and the motor-generator sets were 
replaced by mechanical rectifiers. 
The signal lamps were operated from temporary power 
connections from suburban stations or other available 
alternating-current supply, using a cut-over relay to 
switch the lamps to the storage battery as a reserve. 
Storage batteries were used for track circuits where it 
was convenient to locate them with the other bat- 
teries in temporary housings. Polarized track relays 
were used where line circuits could not be maintained. 
By these means uninterrupted service was provided 
through a series of track and signal relocations when 
no permanent arrangement was possible. 

The decision to electrify the terminal at 1500 volts 
direct current determined the use of 60-cycle alter- 
nating current for the operation of the permanent 
signals. The fundamental requirement of any auto- 
matic signal system is that a failure of any sort on 
account of interruption of power, stray foreign cur- 
rent, broken rail, broken wire, or other defects of 
apparatus will result in the signals immediately 
displaying their stop indication. The design of all the 
apparatus involved has been made with this funda- 
mental requirement in view. 


Power Supply 

Electrical energy for the operation of the portion of 
the signal system north of Riverdale is supplied by 
the Commonwealth Edison Co., from three widely 
separated generating stations. South of Riverdale 
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the power supply is furnished by 
the Public Service Company of 
Northern Illinois from two generat- 
ing stations. This energy is taken 
from the 12,000-volt, 60-cycle, 
three-phase underground tie lines 
at each of the substations, located 
about six miles apart along the 
right-of-way, and stepped down by 
delta-star transformation for three- 
phase four-wire 4000 /2300-volt light 
and power supply with grounded 
neutral. 

= One-to-one insulating trans- 
formers are connected to one phase 
of the light and power buses and 
serve the signal transmission lines 
which are in duplicate for the 
main tracks. On the South Chicago Branch only 
one single-phase line is provided but one phase of the 
three-phase light and power line is used for auxiliary 
service. The transmission wires are No. 1 A.W.G. solid 
copper, carried on crossarms mounted on the catenary 


` structures, and sectionalized at each substation. 


At signal locations, a 2300/110-volt distributing 
transformer is connected to each transmission line, 
and the signal load is connected to either transformer 
through an automatic power switching relay so 
arranged that the load is normally taken from one 
set of feeders. By the de-energizing of that set of 
feeders, or the local transformer, the load cuts over 
automatically to the duplicate service and also auto- 
matically restores to the original source when that 
line is again energized. A lamp connected in each 
supply circuit indicates at all times whether the 
supply lines are alive. 

In event of a failure of the power supply through 
any substation, power is fed from an adjacent sub- 
station. This switching is done manually under 
direction of the Power Supervisor. 

The lines are equipped with induction voltage 
regulators installed in the substations, and the 
system is adequately protected with electrolytic 
lightning arresters at each substation. Individual 
distributing transformers are protected by pellet- 
type or oxide-film lightning arresters. 
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The signal power requirements during the first stage 
of electrification total about 115 kv-a. The one-to-one 
insulating transformers have a total kv-a. capacity 
nearly double the normal load to provide for emer- 
gency loading of substations. 


Signals 

With first consideration for the safety of passengers, 
studies were made of roadway, signal equipment and 
train-operating character- 
istics so that signals might 
be located to provide maxi- 
mum carrying capacity 
of the railroad. These 
elements included profile 
and alignment of the right- 
of-way, location of stations 
and interlocking plants, ac- 
celerating and braking rates 
and the normal and maxi- 
mum attainable speeds on 
various grades for all types 
of equipment to be op- 
erated, as well as the visi- 
bility of the signals, the 
simplicity of the scheme of aspects displayed by the 
signals, and the indications which they convey. 

Between Homewood and Richton, existing auto- 
matic signal bridges have been retained. North of 
Homewood the signals are mounted on cages 


Fig. 1. 


Fig. 2. 


suspended from combined signal and catenary 
structures as shown in Fig. 2. On the South Chicago 
Branch they are attached to the columns of the 
catenary structures with suitable platform and ladder 
arrangement. 

The new signals are the three indication Union 
Style “R” color-light type, equipped with 8%-inch 
doublet lenses and 10-volt, 18-watt, double-filament 
lamps which are rated at 1500 hours life. The lamps 


Combined Signal and Catenary Bridge Showing Four Automatic Signals, Signal Trans- 
formers, Relay Box, Signal Control Cable, and Impedance Bond Between the Rails 
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are burned at twenty per cent under their rated volt- 
age in the daytime and to reduce the intensity of 
signal lights at night the voltage is reduced one-half by 
means of relays, controlled from the nearest tower. 
Current is supplied to the lamps from individual 
transformers in the signal case, or in a box adjacent to 
the signal. If one filament burns out, the fact may be 
detected and the lamp replaced without a failure 
resulting. These lamps are rebased at the signal 
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Temporary Color-light Signals Used During the Construction Period 


repair shop to insure a proper focus without adjust- 
ment or realignment when renewing a lamp. 

The indications displayed by the signals are red for 
“stop,” meaning that the immediate block is oc- 
cupied; yellow for ‘‘caution,’’ meaning that the second 

block is occupied; green 
for “‘clear,’’ meaning that 
two or more blocks are 
unoccupied. 

In the automatic signals 
the three units are arranged 
in a vertical row with green 
at the top, yellow in the 
middle, and red at the. 
bottom. Only one of these 
lights can be illuminated 
at one time. 

In contrast to the auto- 

‘matic block signals, the 
home signals at interlock- 
ing plants display two or 
three lights in a vertical 
row to indicate which route 
is set up and whether or 

not the track ahead is occupied. A triangular com- 
bination of the units is used where three colors are 
displayed and a horizontal arrangement for two colors 
only. The red units are in a vertical row at the left 
side of each group, the yellow units in a vertical row 
at the right side of each group, and the green units are 

at the bottom of the triangular combinations. Thus a 

yellow or green light displayed by one signal is more 
distinctive on account of its being slightly out of the 
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vertical line of the other two red lights. This arrange- 
ment, Fig. 3, permits a closer spacing of the three 
lights, thus preventing the top light from being 
obscured by the catenary structures and allowing a 
satisfactory close-up indication from the top light. 
Block spacing for high speed has been arranged so 
that the minimum length of block is, approximately, 
the maximum braking distance, plus a factor of 
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Fig. 3. Home Signal Bridge, Showing the Arrangement of 
Interlocking Signals 


safety of fifty per cent. Block spacings at the south 
end of the terminal are as long as 5000 feet and 
diminish gradually toward the north as speed and 
headway are reduced. North of 67th Street block 
spacings for through passenger and freight tracks 
average 3100 feet; for express and special suburban 
tracks 2040 feet; for local suburban tracks 2500 feet. 
This permits express and special suburban trains to 
run under clear signals, with 114 minutes headway; 
and local suburban trains with three minutes head- 
way. Where local conditions require blocks shorter 
than braking distance, the caution indication is given 
by two signals in the rear of a stop signal. 


Track Circuits 

The limits of a track circuit are established by 
insulated joints in the rails. All track circuits are a 
full block long except within interlocking plant limits. 
Energy is supplied at one end of each track circuit by 
an air-cooled transformer equipped with taps to 
permit of fine voltage adjustment. An adjustable 
reactor or resistor is connected in series between one 
side of the track transformer and one rail, the object of 
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which is; first, to establish the proper phase relation 
in the track relay connected to the rails at the far end 
of the track circuit; and second, to limit the flow of 
current and prevent the short-circuiting of the trans- 
former when a train 1s on the track circuit. 

The track relay is of the two-element, two-position, 
vane type. An aluminum vane is propelled between 
two cores by the force of currents in two windings, 
one energized locally, and the other through the track 
circuit. The major part of the required energy is 
taken from a local bus and only a small part from the 
track, therefore, the relay is comparatively economical 
in its consumption of energy. 

Track connections are made through single conduc- 
tor parkway cables buried two feet below the base of 
the rail. Beneath the rail a vertical riser of wood 
trunking brings the wire up to a cross piece of trunk- 
ing forming the bootleg in which the parkway cable is 
spliced to No. 9 stranded wire which connects to each 
side of the rail. 

On electrified tracks it is necessary to provide a 
means of carrying the propulsion current around the 
insulated joints. An impedance bond with an iron 
core, having three terminals, one from each end of the 
coil and one from the middle of the winding, is 
mounted between ties in the center of the track at each 
end of a track circuit as shown in Fig. 4. The end 
terminals are connected to the rails with copper cables 
of 300,000 cir. mils cross section, by means of lugs 
welded to the rails. The middle terminal is connected 
to a similar terminal of the bond in the next track cir- 
cuit. The coil connected across the track offers an 
impedance of 0.70 ohm to the 60-cycle signal current; 
but the direct current used for propulsion, entering both 
ends of the coil and passing out through the middle 


Fig. 4. Double Impedance Bond Layout 


terminal to the next impedance bond, does not create 
any reactance in the coil; the only resistance to the 
propulsion current, therefore, is ohmic. These bonds 
have a continuous carrying capacity of 500 amperes 
with a capacity of 900 amperes for thirty minutes and 
1500 amperes for five minutes. An air gap in the iron 
core permits an unbalancing current of 150 amperes 
without seriously affecting the impedance of the bond. 
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Since the first stage of electrification does not 
include other than the suburban tracks, only those 
tracks whose rails are required for return are equipped 
with impedance bonds and rail bonds for the propul- 
sion current. South of 69th Street, this includes only 
the electrified tracks but north of 69th Street, all tracks 
are bonded to reduce the drop in potential and pre- 
vent the electrolysis of lead-covered cables and water 
pipes along the right-of-way. Those tracks not used 
for return of the propulsion current have rails bonded 
with ordinary galvanized iron signal bond wires. 

To avoid the use of a large number of impedance 
bonds on the short track circuits through interlocking 
plants one rail only is bonded for the return propulsion 
current and the other rail is bonded for signal current. 
On these single-rail track circuits a special relay is 
used, designed to operate with a resistance in series 
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Fig. 5. Diagram of Signal Control Circuits, Showing Duplicate Power 
Supply Transformers, Relays, and Connections to Signal Lights 


with its track winding, and another resistance in 
series with the secondary of the track transformer to 
limit the strength of the direct currents which may be 
forced through its coils due to the propulsion drop in 
voltage along the return rail. 

The polarities of all adjacent track circuits are 
reversed so that, in case of the failure of an insulated 
rail joint, the current from the track transformer 
entering the relay of an adjacent track circuit will 
reverse the torque in the relay and cause the signal to 
indicate “stop.” 

Catenary structures are grounded to alternate rails, 
except at signal locations, where they are grounded to 
the neutral connection of the impedance bonds. Cross- 
bonding of tracks is done between neutral connections 
of the impedance bonds, at alternate signal locations. 
Signal and telephone cable messengers are grounded at 
crossbond locations, and insulated at other points. 


Signal Controls 

South of 80th Street and on the South Chicago 
Branch signal control circuits are carried in braided 
aerial cables, suspended from messengers attached to 
the catenary structures. Control wires are No. 14 
A.W.G. copper, with 4 /64-inch wall Kerite insulation. 
Cables are terminated on standard terminal blocks, in 
specially designed cast-iron terminal boxes, mounted 
at the top of the columns which support the catenary 
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structure. North of 80th Street control circuits are 
carried in an underground conduit. Braided cables are 
used and terminated in moisture-proof cast-iron 
terminal boxes installed in the manholes and hand- 
holes. Conductors are No. 14 A.W.G. copper with 
5 /64-inch wall Kerite insulation. 

On account of possible auto-transformer action 
through the impedance bonds, it is not safe to use a 
three-position or polarized track relay on electrified 
roads, therefore a three-position two-element vane- 
type line relay is used to govern the signal aspect as 
between the ““caution” indication and the ““proceed” 
indication to provide advance information to the 
approaching motorman. The line circuit passes 
through the contacts of the track relay and is subject 
to change in polarity. Fig. 5 shows the connections 
of the signal control system. 

The functioning of the contacts for the control of 
the signal is as follows: when a train enters the block 
the track relay is de-energized and the moving mem- 
ber assumes a position by gravity so that a set of 
front contacts are open and a set of back contacts are 
closed. The red unit of the signal is then lighted 
through the back contacts. As soon as the train passes 
on into the next block the above track relay becomes 
energized, closing the front contacts and opening the 
back contacts. This immediately puts out the red 
signal light and energizes the line relay in one polarity, 
closing one set of contacts which light the yellow 
unit of the signal. When the train passes into the 
third block the polarity of the line circuit is reversed 
and the moving member of the line relay reverses its 
position, opening the first set of contacts which puts 
out the yellow light and closing a second set of con- 
tacts which light the green unit of the signal. 

Each line relay has the controlled element energized 
through an insulating transformer which limits the 
length of each circuit to one block and maintains a 
high dielectric strength in the circuit. The secondary 
winding of the insulating transformer has 1800 
ohms resistance to produce proper phase displace- 
ment in the relay and to provide protection against 
the effect of crosses or grounds. The system is also 
immune to induction since all adjacent wires in the 
signal control cable are parallel and connected to- 
gether through transformers or relays and any 
inductive effect upon one line is compensated for by 
the inductive effect upon the adjacent line. The line 
relay has also a neutral, or bridging, contact to light 
the yellow signal unit and avoid a train stop in case of 
an open line circuit. 

The signal control apparatus is housed in wooden 
relay boxes mounted on the columns of the catenary 
structures as shown in Fig. 6. Owing to limited 
clearances between tracks these boxes are high and 
narrow. They are made of pine covered all over with 
galvanized iron and are equipped with double doors: 
to keep out dust and snow. 
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Connections from relay boxes to manholes or 
handholes are made through five- and seven-conductor 
parkway cables. The wiring on all signal bridges is 
carried in galvanized iron conduits, 214 inch being 
used for main runs and 114 inch for leads to signals. 
Crouse-Hinds condulets are used at all turns and 
outlets. Flexible conduit is installed between the 
rigid conduit and the signal case to permit alignment 
of the signal to suit the track conditions. 


Switches : 

All hand-thrown switches, which must be lighted at 
night, are equipped with electric lanterns lighted by a 
110-volt, 10-watt lamp. Lighting wires are carried in 
duplex parkway cable to the nearest catenary structure 
where they are tapped to conductors in a miscellane- 
ous aerial cable from the nearest signal bridge. The 
parkway cáble terminates in a cast-iron junction box 
mounted on a concrete riser, and the wires are carried 
up the switch stand to the lantern in 14-inch double- 
strip flexible conduit. 

Two switch circuit controllers are connected to 
each facing point switch and one to each trailing 
switch to shunt the track circuit and set the signal to 
the “stop”? indication, when the switch is thrown 
from its normal position. The wires leading from the 
rails to the switch circuit controllers are carried in 
single-conductor parkway cables. 


Interlocking Stations 

In connection with track changes incident to elec- 
trification, new electric interlocking plants have been 
built at 5lst Street, 67th Street, Homewood and 
Richton. The existing electric interlocking plant at 
Kensington has been enlarged. Grade separation has 
eliminated old interlocking plants at 43d Street, 67th 
Street, Burnside, Blue Island Junction, Riverdale, 
Harvey and two at Matteson. A small electro- 
mechanical plant has been constructed at Burnside to 
control movements between track No. 1 and Burnside 
Yard. New interlocking plants will be constructed at 
16th Street, Eighth Street.and Randolph Street as 
further terminal development requires. 

The most extensive interlocking work was done at 
67th Street where the connection to the South Chicago 
Branch is now made through a tunnel. The original 
mechanical interlocking plant was first supplanted by 
a temporary electric interlocking plant, with a 
temporary tower on the east side of the right-of-way. 
Two second-hand machines with a total of 112 levers 
were installed to handle the movements of trains over 
temporary tracks and switches during the construc- 
tion of the under-crossing. This in turn was supplanted 
by a permanet electric plant with a brick tower on the 
west side of the right-of-way (Fig. 7). 

The permanent plant is 3645 feet long and controls 
17 switches, 2 single slip ends, 36 double slip ends and 
19 movable point frogs. A model 2 improved unit 
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lever type electric interlocking machine having 176 
spaces was installed with 123 working levers. The 
levers are equipped with circuit controllers, indication 
magnets, electric locks and vertical locking tappets 
which are notched to engage horizontal locking bars in 
such a way that the levers may be operated only ina 
predetermined order so as to prevent the setting up of 
conflicting routes or the clearing of opposing signals. 


Fig. 6. Relay Box Housing the Control Apparatus for Two Tracks. 
Including Power Switching Relay, Dimming Relay, Lighting Trans- 
formers, and Two Insulating Transformers on the Top Shelf; 
Line Relay, Track Relay, Track Transformer, and Reactor 
for each Track on the Lower Shelves 


The switches are lined up first and then the signal is 
cleared, the signal lever locking all the switch levers in 
the route it governs. 

The track circuits and signals are operated by 
alternating current as described in a preceding para- 
graph. The signals are controlled through direct- 
current relays which are operated from the interlock- 
ing machine. The switch machines are operated by 
direct current which is delivered from a 110-volt 
storage battery charged continuously by a motor- 
generator. 

In addition to the mechanical locking in the 
machine, routes are controlled, interlocking levers are 
locked and switches are locked electrically by the 
presence of a train upon a given track circuit con- 
trolling a track relay which in turn interrupts the 
circuits of such locks, making them effective (Fig. 8). 

Another important safety feature is the means 
provided to check the correspondence of movement 
between a lever and the switch or signal controlled by 
it. In the case of switch levers this requirement is met 
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by means of a momentary dynamic current generated 
by the momentum of the motor of the operated switch 
which gives the desired indication at the lever end of 
the circuit when the switch has completed its move- 
ment. Signal lever indicating magnets are energized by 
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Fig. 7. 


110-volt alternating current received through a back 
contact of the control relay as soon as the signal dis- 
plays the stop indication. 

Each switch is arranged to reverse the polarity of a 
polarized relay according to whether the switch 


Fig. 8. Double Slip Switch Layout, Showing the Electric Switch and 
the Lock Movements and Fittings 


points are in the full normal or full reverse position, 
and every signal governing train movements over the 
switch is controlled through the polar contacts of this 
relay to assure that a route is set up before the signal 
can be cleared. 


Permanent Interlocking Tower at 67th St., Showing the Electric Interlocking Machine, Clock-work 
Time Releases, Spot-light Track Diagram, and the Manipulation Charts 
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The position of trains is indicated to the towerman 
on a track diagram on which small spot-lights mark 
the occupied sections of track, both within the plant 
limits and approaching the plant. As soon as a train 
reaches the approach circuit the route lined up is 
locked automatically and 
can be taken away only by 
the use of a clock-work time 
release which requires an 
elapse of one minute after 
the home signal has been 
set against the train. If the 
train should pass the home 
signal the route is then 
locked the full distance 
ahead through the sec- 
tional route locking but 
the switches are released 
behind the train as each 
section is passed. A de- 
tector lock circuit for each 
switch loops through the 
track relay of the section 
in which the switch is 
located to prevent the 
throwing of the switch 
under a train. Route and 
section locking may be 
released in case of emer- 
gency by breaking a seal on a special releasing device 
which must be restored to normal before the signals 
can be cleared again. Each signal control circuit is 
protected against crosses by an individual polarized 
relay, and the plant is equipped with a ground 
detector. 

The general construction is similar at the other 
interlocking stations. The plant at Richton controls 36 
switches and three derails. This is the southern end of 
the terminal, and is the end of the six-track and the 
beginning of the four-track system. The plant is 4050 
feet long. The interlocking plant at Homewood 
governs switches at the south entrance to Markham 
Yard. 

At Kensington the plant governs the junction of 


* the Michigan Central, the Chicago, South Shore and 


South Bend Railway, and the Blue Island Branch 
with the main line. This plant is 5350 feet long and 
includes 27 switches, 17 derails, 8 single slip ends, 10 
double slip ends and 14 movable point frogs. 

The 51st Street plant includes nine switches for the 
four-track, six-track suburban connections and the 
freight connection with the Chicago Junction Railway. 

Plans, specifications, and material requisitions for 
the construction of all the interlocking plants, as well 
as the automatic signals were prepared by the Illinois 
Central Signal Department and the work was in- 
stalled by local electrical contractors under the 
supervision of the Signal Engineer. 
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Condensed references to some of the more important recent 
articles in the technical press, and to new books of interest to 
the industry, as selected by the General Electric Main Library. 
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Air Preheaters 
Effect of Water-Cooled Walls on Pre-heater Performance. 
Nevin E. Funk. 
Mech. Engng., Jan., 1927; v. 49, pp. 25-28. 
Alloys 
Tensile Properties of Stainless Iron and Other Alloys at 
Elevated Temperatures. P. G. McVetty and N. L. 
Mochel. 
Am. Soc. St. Treat. Trans., Jan., 1927; v. 11, pp. 73-100, 
169. 


Alternators, High Frequency 
Types of High-Frequency Alternators. 
Elec. Jour., Jan., 1927; v. 24, pp. 36-39. 
Arc Welding 
Arc Welding as a Manufacturing Process. A. G. Bissell. 
Am. Mach., Dec. 30, 1926; v. 65, pp. 1057-1059. 
Oxidation of the Arc Crater. P. Alexander. 
Am. Weld. Soc. Jour., Dec., 1926; v. 5, pp. 11-14. 
Electric Control Systems 
Remote Control of Multiple Street Lighting. W. T. 


Dempsey. 
A.I. E. E. Jour., Jan., 1927; v. 46, pp. 12-16. 


Supervisory Control of Sub-Stations. 
Engng., Jan. 7, 1927; v. 123, pp. 11-14. 

(IMustrated description of automatic substation equip- 
ment built by the General Electric Co., Ltd., 
London, for the South African Railways. Also 
described in Electrician, Jan. 7, 1927, pp. 4-7.) 


J. F. Calvert. 


Electric Controllers 


How Semi-Magnet Alternating-Current Elevator 
trollers Operate. Charles A. Armstrong. 
Power, Jan. 18, 1927; v. 65, pp. 94-97. 


Electric Distribution 


Graphic Solutions of Secondary Distribution Problems. 
Martin C. Hughes. 
Elec. Wld., Dec. 25, 1926; v. 88, pp. 1321-1323. 


Recent Progress in Distribution Practise of the ee 
Edison Company, Inc. J. F. Fairman and R. 
Rifenburg. 

A.I. E. E. Jour., Jan., 1927; v. 46, pp. 38-45. 


Electric Drive—Hoisting and Conveying 


Car Dumper Electrically Controlled. 
Blast Fur. & St. Pl. Jan., 1927; v. 15, pp. 21-24. 
(Illustrated description of an electrically-driven car 
dumper on the docks of the N. Y. C. R. R. at 
Toledo, O.) 


Electric Drive—Steel Mills 


New and Interesting Auxiliary Motor and Control Applica- 
tions. Phelan McShane. 
Iron & St. Engr., Dec., 1926; v. 3, pp. 514-518. 
(Pertains to control devices and arrangements for 
electric drive in steel mills.) 


Con- 


Electric Furnaces 


Electric Furnaces in Manufacturing. N. R. Stansel. 
Iron & St. Engr., Dec., 1926; v. 3, pp. 497-502. 


Electric Lighting—Expositions 
Lighting the Sesqui-Centennial International Exposition. 
D. W. Atwater. 
Dec., 


Illum. Engng. Soc. Trans., 1926; v. 21, pp. 1141- 
1152. 


Electric Lighting—Indoor Sports 
Lighting a Ballroom for Championship Tennis. 
Harrison and P. R. Holmes. 
Illum. Engng. Soc. Trans., Dec., 
1140. 


Ward 
1926; v. 21, pp. 1134- 


Electric Lighting— Railroad Yards 
Lighting of Railway Classification Yards. 
Johnson. 
A.I. E. E. Jour., Jan., 1927; v. 46, pp. 33-38. 
Electric Measurements 


Frequency Measurements with the Cathode Ray Oscillo- 
graph. Frederick J. Rasmussen. 
A.I. E. E. Jour., Jan., 1927; v. 46, pp. 3-12. 
(Includes five bibliographic references.) 
Electric Transmission Lines 
Sleet Formation on Power Lines. 
Elec. News., Jan. 1, 1927; v. 36, pp. 38-39. 
(‘Three methods of heating the wires.’’) 
Electricity —Applications— Agriculture 
Progress and Prospects of Farm Electrification. 
Elec. Wid., Jan. 8, 1927; v. 89, pp. 97-99. 
(Includes a table of ati) 
Electroplating t 
Chromium Plating. William Blum. 
Mech. Engng., Jan., 1927; v. 49, 33-35. 
(Methods, difficulties, costs, applications, etc.) 
Fatigue of Metals 
Variation in the Fatigue Strength of Metals When Tested 
in the Presence of Different Liquids. G. D. Lehmann. 
Engng., Dec. 31, 1926; v. 122, pp. 807-809. 
Headlights, Electric 


Résumé of Automobile Headlighting Progress for the Past 
Year. 
Illum. Engng. Soc. Trans., Jan., 1927; v. 22, pp. 29-42. 
(Report of an I. E. S. committee.) 


Hydroelectric Development 
Power Development of the St. Lawrence River. 
Power PI. Engng., Jan. 1, 1927; v. 31, pp. 74-77. 
Insulators—Testing 
Some Methods of Testing Insulators and Semi-Conductors. 
O. R. Randall. 
S. Af. I. E. E. Trans., Nov., 1926; v. 17, pp. 257-263. 
Laboratories 
New Traction Research Department. 
English Elec. Jour., Dec., 1926; v. 3, pp. 277-282. 
(Describes and illustrates the traction testing labo- 
ratory facilities of the English Electric Co., Ltd.) 


Measuring Instruments 


Continuous Integraph. V. Bush and others. 
Franklin Inst. Jour., Jan., 1927; v. 203, pp. 63-84. 
Metals— Testing 
Change of Temperature and Magnetic Induction of Steel in 
Tension and Compression Tests. Yoichi Kidani and 
Rokuro Sasaki. 
Metallurgist, Dec. 31, 1926; pp. 186-188. 
Standardizing the Brinell Hardness Test. H. M. German. 
Am. Soc. St. Treat. Trans., Jan., 1927; v. 11, pp. 54-72. 
Power Plants, Electric 
Experience with Trenton Channel. Alex Dow. 
Elec. Wld., Jan. 8, 1927; v. 89, pp. 91-92. 
(Short account of operating results at the Trenton 
- Channel plant of the Detroit Edison Co.) 
Grand Tower Power Station. J. D. Roberts. 
Elec. Lt. & Pr., Jan., 1927; v. 5, pp. 23-26, 80, 82, 84. 
(Mlustrated description of equipment in a station of 
the Central Illinois Public Service Co. Serial.) 


Radio Engineering— Distortion 
Distortion in Land Lines. Paul D. Tyers. 
Wireless Wld., Dec. 29, 1926; v. 19, pp. 873-875. 
(“Simple compensating circuits for addition to existing 
receivers.) 


. George T. 
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Radio Engineering— Transmission 
Radio Broadcast Coverage of City Areas. Lloyd Espen- 
schied. 
A.I. E. E. Jour., Jan., 1927; v. 46, 25-32. 
(Abridgment of a paper showing results of tests.) 


Radio Engineering— Transmission, Short-Wave 
Transmission on Short Waves. 
Wireless Wid., Dec. 29, 1926; v. 19, pp. 854-859. 
(**'Some quantitative measurements of wave propaga- 
tion.’’) 
Radio Engineering— Wave Propagation 
Heaviside Layer. E. V. Appleton. 
Wireless Wld., Jan. 5, 1927; v. 20, pp. 2-4. 
(“Experimental proof of its existence.’’) 
Radio Transmitters 
Inductance Design for High-Power Radio Transmitters. 
Engr., Dec. 31, 1926; v. 142, pp. 723-724. 
(Abstract of a paper, by Hansford and Faulkner, 
before the I. E. E.) 
Railroads—Electrification 


Adoption of Light-Weight Cars Has Become Almost 
Universal. W. D. Bearce. 
Aera, Jan., 1927; v. 16, pp. 987-998. 
(Reviews the progress in electric car construction and 
railway electrification for 1926.) 


Regulators, Current 
Regulator for Flywheel Balancer Sets. J. H. Ashbaugh. 
Elec. Wld., Dec. 25, 1926; v. 88, pp. 1315-1317. 
Relays 
Evolution of the Automatic Network Relay. John S. Parsons. 
A.I. E. E. Jour., Jan., 1927; v. 46, pp. 50-57. 


Operating Requirements of the Automatic Network Relay. 
W. R. Bullard. 
A.I. E. E. Jour., Jan., 


Steam Turbines 
Further Details of Hudson Avenue 80,000-Kilowatt 
Turbine Unit. 
Power, Jan. 11, 1927; v. 65, pp. 52-54. 
(Describes a Westinghouse turbine.) 


1927; v. 46, pp. 17-25. 
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Steam Turbines 


What Europe Is Doing in Steam Turbine Design. 
Power, Jan. 18, 1927; v. 65, pp. 89-93. 
a T tecture at Harvard by E. A. Kraft of the 


Stray Currents 
Methods for the Determination of Electrolysis Effects. 
B. A. Williamson. 
Elec. West., Jan., 1927; v. 58, pp. 22-24. 
(Methods of measurement of potential between cable 
sheath and earth and for direct measurement of 
sheath-current leakage.) 


Substations 


Fort William Transformer and Sub-Stations. 
Bul. of Hyd. Pr. Comm. of Ont., Dec., 1926; v. 13, pp. 
381-392. 
(Illustrates and describes equipment in new stations of 
the Hydro-Electric Power Commission of Ontario.) 


Switches and Switchgear, Automatic 
Automatic A-C. Network Switching Units. G. G. Grissinger. 
A.I. E. E. Jour., Jan., 1927; v. 46, pp. 46-49. 


Automatic Contactors for A-C. Motors. G. Windred. 
Elec. Rev., Dec. 31, 1926; v. 99, pp. 1065-1067. 


Telephony— History 


Fifty Ei Progress in Electrical Communications. M. I. 
upin. 

A.I. E. E. Jour., Jan., 192 
(Serial.) 


Terminals, Electric 
Barrier-Tvpe High-Voltage” Terminal. A. M. 


Elec. Wld., Dec. 25, 1926; v. 88, pp. 1323-1324. 
(Illustrated description of an oil-filled cable terminal.) 


Water Turbines 
Hydraulic Turbine To Operate Under Nearly One Half 
Mile Head. 
Power, Jan. 18, 1927; v. 65, pp. 82-85. 
(Illustrated description of equipment in the Balch 
plant of the San Joaquin Light & Power Corp.) 


7; v. 46, pp. 59-64. 


Meyers. 


NEW BOOKS 


Broadcast Reception in Theory and Practice. J. Laurence 
Pritchard. 259 pp., 1926, Lond., Chapman & Hall. 


Electric Trains. R. E. Dickinson. 292 pp., 1927, N. Y., 
Longmans, Green & Co. 

(Addressed primarily to the electric railway operator. 
Deals with the fundamental principles of electric traction, 
with the apparatus and devices in use, and with certain 
convenient methods of making the calculations required in 
practical railway operation. The mathematical portions 
have been written as simply as possible, for the benefit of 
the student, and in most cases methods have been deduced 
from first principles rather than from formulas. Questions of 
generation, transmission and transformation of power have 
been omitted as not coming within the scope indicated by 
the title. However, current-collecting systems are included, 
since they are looked upon as forming a definite part of the 
train-operating equipment. Some of the more important 
topics discussed are: controllers and control systems; cur- 
rent collection; single-phase, three-phase and split-phase 
traction; brakes; train resistance: direct-current railway 
motor performance; and regeneration.) 


Elementary Mechanism. Rev. ed. A. T. Woods and A. W. 
Stahl. 250 pp., 1926, N. Y., D. Van Nostrand Co. 


Graphic Charts in Business. Ed. 2. Allan C. Haskell. 413 pp., 
1926, N. Y., Codex Book Co. 


Magnetism and Atomic Structure. Edmund C. Stoner. 371 
pp., 1926, N. Y., E. P. Dutton & Co. 

(“An account is given of magnetic phenomena, and of 
attempts made to interpret them in terms of the quantum 
theory which has been so successfully applied to the general 
problem of atomic structure. . A supplement to ordi- 
nary works on magnetism.” This volume, which is neces- 
sarily theoretical in nature, 1s a summary of the results of 
the more recent investigations of numerous research work- 
ers in the field of magnetic phenomena. Fairly complete 
outlines of representative researches are presented and 
discussion is based on these, prominence being given to 
those contributions which the author deems of most 
importance and of lasting value. While admitting that the 
treatment is selective rather than exhaustive, the author 


expresses the hope that it is “sufficiently comprehensive to 
give the reader a general and balanced account of the 
present state of the subject, and to enable him to follow 
its subsequent development.” Each of the sixteen chapters 
is followed by a selected list of references to collateral read- 
ing, and an appendix carries references to those articles of 
1925 and 1926 that appeared too late to find their logical 
places at the ends of chapters. Ample author and subject 
indexes are provided.) 


Modern Telpherage and Ropeways. Herbert Blyth. 156 pp., 
1926, N. Y., D. Van Nostrand Co. 


Patents; What a Business Executive Should Know About 


Patents. Roger S. Hoar. 232 pp., 1926, N. Y., Ronald 
Press Co. 
Personnel Administration, Its Principles and Practice. 


Ed. 2. Ordway Tead and Henry C. Metcalf. 543 pp., 1926, 
N. Y., McGraw-Hill Book Co., Inc. 


Principles of Modern Radio Receiving. L. Grant Hector. 305 
pp., 1927, Buffalo, Burton Pub. Co. 

(The author tells us that his book is “written for two 
purposes: the one to give to the intelligent but non-techni- 
cally trained man a unified picture of the science of radio, 
its developments and problems; the other, to give some 
concrete information to the designers, builders, or sellers of 
sets, and to point the way to further intelligent study.” 
The result is a semi-technical volume which starts with a 
consideration of the nature of sound and ends with a 
discussion of battery chargers and eliminators. Between 
these two extremes we find chapters on fundamental elec- 
trical theory and its applications to radio, three-electrode 
tubes, receiving circuits of various types, audio and radio 
frequency amplification, and the like. Numerous circuit 
diagrams and graphs are used in illustrating the text. The 
mathematics involved is very elementary in character and 
is employed but sparingly. A few problems and biblio- 
graphic references appear at the end of each chapter, and a 
glossary and brief general bibliography are included.) 


Steam Turbines. G. Belluzzo. (Tr. by A. G. Bremner.) 
732 pp., 1926, Lond., Charles Griffin & Co., Ltd. 


MD he J 


THERE are more than 8,000 
oil wells G-E motorized with 
installations from one to fif- 
teen years old. The average 
annual expense for repairs of 
electrical equipment has been 
less than one per cent of the 
first cost. 


“Built in” or otherwise con- 
nected to all types of indus- 
trial machines or household 
appliances, G-E Motorized 
Power provides the flexibility 
required by the infinite vari- 
ety of power applications in 
modern practice. 


General Electric Company 
Schenectady, N. Y. 


Sales Offices in Principal Cities 


GENERAL ELECTR 


Say you saw it advertised in the GENERAL ELECTRIC REVIEW 


GENERAL ELECTRIC REVIEW 


‘tee 7 ~ 
+ 3 A 


¿a 


TBeuriWo 
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G-E Motorized Power 


Lower drilling costs for new wells, more oil at less cost from 
producing wells. That is the petroleum industry’s problem. 


G-E engineering found the solution in G-E Motorized Power. 
For the larger wastes in drilling and pumping are power 
wastes. 


G-E Motorized Power is saving 70% or more of the money 
once spent for the fuel oil and feed water required by steam 
drilling rigs. The deeper the well the greater the saving. 


In pumping, similar savings are made. Oil production is in- 
creased as much as 15% by G-E Motorized Power. Wells 
that have ceased to be orofitable pay dividends again. 


Not only in the oil fields but wherever power or motion is 
needed, in any industry G-E Motorized Power supplies it 
with the utmost economy. 
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SIX PER CENT OF THE ULTIMATE STATION 
Initial 60,000-kw. section of the new East River Station of the New York Edison Co. 


With a projected capacity of 1,000,000 kw. this 
station supplies 25-cycle current to the New York Edison System and provides a tie with the 60-cycle systems of the United 
Electric Light and Power Co. and the Brooklyn Edison Co. 


(See p. 238) 
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HE new station of the Societe 

Financiere de Transports at 
Buenos Aires, will operate at 850 
lbs. pressure. This is the highest 
pressure ever used for a large 
scale commercial installation. 
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Four Wheeler Ellipticoil Evapo- 
rators will supply the necessary 
boiler feed makeup at this station. 


The Buenos Aires station is also 
equipped with Wheeler stage 
heaters. The high pressure heaters 
are on the discharge side of the 
boiler feed pump and are designed 
for 900 lbs. working pressure and 
1350 lbs. test pressure 
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KEEPING THE PACE 


So much has been written concerning electrical 
progress and the position it occupies in the present 
social and industrial order of things that to add more 
would seem to be an unnecessary and unpardonable 
infliction. Nevertheless there are probably few people 
who thoroughly realize the extent to which modern 
civilization depends upon electricity—‘‘the servant 
of mankind”? who bids fair to become the deus 
ex machina for the whole world; and what the results 
would be if the sources of power were not as adequate 
and as dependable as they actually are. In other words, 
1t is doubtful if there exists a true realization of the 
burden of responsibility which rests upon the central 
station, or whether 1t could be made to exist, gener- 
ally, without giving rise to the charge of sensation- 
alism. 

Yet, among the peaceful arts, very little has been 
more sensational than the way in which those respon- 
sible for the generation and distribution of electric 
power have met the demands made upon them by the 
increasing use of that power. Looking back over the 
history of the central stations it is remarkable 
to see how perfectly they have kept pace with 
service requirements that advanced by leaps and 
bounds; to observe the apparent equanimity with 
which expensive and complicated apparatus was 
practically scrapped overnight because some new 
advance had rendered 1t obsolete or inadequate; to 
see the speed with which new methods of distributing 
and safeguarding power arose, and multiplied; but 
above all, to realize that in spite of everything 
the users of power were assured of a continuous 
supply of the energy on which in many cases depended 
their bread and butter, and in others the conveniences 
which make life more worth living. In fact it is a 
perfect, but engaging, waste of time to speculate on 
what would have happened if the central stations 
had not, at any particular time, been able to meet 
changing conditions as they arose, or if lack 
of preparation for the future had caught them 
napping. 

Of course back of this apparently coincident ad- 
vance was a tremendous amount of planning, of design- 
ing, and of plain, grinding, hard work. There was also 
discouragement, and probably in the background a 
sense of considerable insecurity and uncertainty—no 
one knew when or from where some discovery might 
come that would render the work of years practically 
useless, or plans for the future worse than inadequate. 
Another factor that did not make matters any easier 
arose from humanity’s happy faculty of taking things 
for granted. Once electric power had become sufti- 
ciently established to be fairly familiar, the require- 


ments on the part of the user became stiffer and 
stiffer, without much thought being given to what 
this might mean to the producers of the power. To 
the everlasting credit of the central stations be it 
said that they not only met the requirements, but 
did it without increasing the cost to the customer; 
and this in a world where the price of everything they 
needed, fuel, labor, materials, and machinery has 
risen from year to year. 

The natural outcome of such a situation has been an 
exceedingly rapid change in central station practice 
and design, which has affected not only the actual 
machinery used in the generation of power but the 
fundamentals of station design, and the control and 
distribution of the energy generated. A feature of the 
latter which has come to assume greater and greater 
prominence as the dependence of industrial and 
social life upon the supply of electric power increased 
is that of safe-guarding the station output so as to 
insure continuity of service, in spite of all the con- 
ceivable conditions that might arise to break it. 

In the older stations this feature was thoroughly 
taken care of on the electrical side; in the newer ones 
the protective, or precautionary, system is extended 
clear back to the coal pile. The modern station dis- 
plays, both in its layout and apparatus, about the 
most complete arrangement of interlocking and reserve 
systems ever devised merely to insure uninterrupted 
service. Another factor which is becoming exceedingly 
influential, especially when a new station is being 
projected, is the necessity of planning, not only for 
immediate needs, or those liable to arise in the near 
future, but for those of years ahead. Several reasons 
can be assigned for such necessity; the apparatus now 
required to serve the average station load takes years 
to build, and considerable time to install, the initial 
investment is enormous, and sites are not always 
available on short notice—in the meanwhile the load 
to be served may be increasing at a rapid rate, and 
service must be uninterrupted. 

Among the newer generating stations that have 
been built, the East River Station of the New York 
Edison Company is typical of the modern method of 
meeting such a situation. Although at present only 
partially completed, it 1s planned on a scale that 
should take care of even abnormal load conditions 
for many years. Considered either as an individual 
station, or as a unit in a great system which supplies 
a load, the magnitude of which would have been un- 
believable even a few years ago, it is a remarkable 
example of the stage of development to which central 
station practice and construction have been carried 
under the urge of the service requirements. A.K.W. 
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The East River Generating Station of the 
New York Edison Company 


Location Determined by Load Requirements—Difficulties Overcome in Planning and Construction— 
Details of Fuel Handling and Preparation Facilities—Description of Fin Tube Boiler Furnace— 
Layout and Equipment of Turbine Room—The Electrical Distribution Equipment, 
lts Connections and Arrangement—Power Supply and Protection of 
House Auxiliaries 


HE continual and rapid 
growth of the load demand 
upon the combined systems 
of the New York Edison Com- 
pany made it evident some years 
ago that an increase in generating 
capacity was of vital importance, 
not only to take care of imme- 
diate needs, but of future require- 
ments as well. Consequently, in 
1924 a new generating station 
was projected which would serve 
three particular ends, first to sup- 
plement the existing 25-cycle sys- 
tem; second, to provide for pos- 
sible 60-cycle generation in the 
future; and third, by means of a 
large capacity, 25/60-cycle frequency changer, to 
form a link between the Company's 25-cycle system 
and the 60-cycle systems of the Brooklyn Edison 
Company, and the United Electric Light and Power 
Company. Several factors contributed to determine 
the location of the new station, the most important 
being its distance from the approximate center of 
the 25-cycle load which was continually increasing 
in the lower part of the city, and that of next impor- 
tance being adequate room for both present require- 
ments and future expansion. A further factor was 
that of dockage that would provide the best facili- 
ties for unloading coal-carrying steamships of at least 
10,000 tons capacity. 

The situation finally selected as best meeting these 
requirements was a plot located on the East River at 
the foot of 13th and 15th Sts. and extending back to 
Avenue C. This comprises an area approximately 
- 1092 ft. long by 206 ft. wide, with adequate water 
front facilities, including a river frontage of about 
738 ft. and a depth of about 30 ft. The station erected 
on this site comprises the boiler room, the turbine 
room, and the electrical galleries located in the main 
building. The mill house, coal storage and coal-han- 
dling equipment occupy the property from the south 
side of 14th St. to the north side of 13th St. and extend 
back from the river to Avenue D, an area about 206 ft. 
north and south by 467 ft. east and west. The main 
building is located between 14th and 15th Sts., and 
will when completed consist of the boiler room, located 
along 14th St., 102 ft. wide by 917 ft. long, the turbine 


Inc., 


Although 


The new generating station of 
the New York Edison Company 
designed by Thomas E. Murray, 
tn association 


engineers of the New York Edison 
Company, for an ultimate ca- 
pacity of 1,000,000 kw. embodies 


the most modern ideas in central 
station construction and practice. 
only partially com- 
pleted, tts description ts of great 
interest to those engaged in the 
problems of large scale power 
generation.— EDITOR 


room, next to the boiler room, 
58 ft. wide by 807 ft. long, and the 
electrical galleries, extending 
along the south side of 15th St. for 
1004 feet, and being 45 ft. wide 
and extending 206 ft. along Ave- 
nue C. At present, the widths of 
the different sections are the same, 
but the lengths are shorter, the 
boiler room being 217 ft. long, 
the turbine room 245 ft., and the 
electrical galleries 279 ft. A gen- 
eral plan of the station layout is 
given in Fig. 1. 


with the 


Construction of the Buildings 

The foundations for the build- 
ing were constructed by excavating to a depth of 
6 ft. below mean low tide, except at the easterly 
end of the building where the excavation was carried 
down to 19 ft. to accommodate the circulating water 
tunnels. Piles were driven over this entire area 
on 2 ft. 6 in. centers with average penetration 
of 20 ft. and upon them was placed a reinforced 
concrete mat 7 ft. thick. The condenser circulating 
water pipes were placed upon this mat and buried in 
concrete to a height of 9 ft. above it. There are eight 
6 ft. and two 4 ft. cast-iron condenser inlet pipes, the 
latter two serving No. 1 condenser. Fig. 2 shows the 
construction of the foundation and the method of lay- 
ing the pipes. Two rectangular intake tunnels ex- 
tend into the east end of the building from the 
river bulkhead, the north one, which is located 
under the turbine room and service building, being 
approximately 100 ft. long, and 14 ft. 6 in. by 14 ft. 
6 in. in section, while the south one, which is located 
under the service building and the boiler house, 
is approximately 165 ft. long, and 18 ft. by 14 ft. 
in section. The nine discharge pipes are located under 
the northerly part of the turbine room and the elec- 
trical galleries, and discharge into two short parallel 
tunnels of rectangular cross section, located under the 
wharf, that carry the water through the bulkhead to 
the river. One of these tunnels is approximately 50 ft. 
long and 10 ft. by 14 ft. in section; the other is 
approximately 42 ft. long and 8 ft. by 14 ft. in section. 
Twelve stationary trash screens for cleaning the 
water going to the two intake tunnels will be located 
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in a screen-well along the bulkhead. Only five of these 
screens are installed at present to provide for the 
circulating water going into the north tunnel for the 
present machines. They are built up of six sections 
each 5 ft. 10 in. wide by 2 ft. 101% in. high, hooked 
together, and are held in place by guides set in con- 
crete piers. The sections are made of 614 in. galvanized 
bars spaced 1 in. apart and held in angle iron frame. 

The grillages for carrying the structural steel work 
of the building are set upon the foundation mat. The 
building itself is constructed of steel with self- 
supporting exterior walls and self-supporting unlined 
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A View of the Station Foundation Showing the Method of Laying the 
Condenser Circulating Water Pipes 


Fig. 2. 


stacks 22 ft. in diameter, the tops of the stacks being 
376 ft. above the basement floor. At present there are 
two stacks; upon completion of the building there 
will be seven. 

The exterior treatment of the building has been 
such as to convey a sense of massiveness, simplicity, 
and appropriateness. The walls are of red brick with 
upper courses of imitation limestone and a base and 
water table of artificial cast cut granite. The main 
façade on 14th St. will present three main pavilions 
connected together by recessed panels. The windows 
are grouped uniformly in these sections. 


Coal-handling Equipment 

Ten-thousand-ton, ocean-going colliers will deliver 
coal direct to the bulkhead of the station, which when 
completed will extend south from the north side of 
15th St., approximately 738 ft. The colliers will be 
unloaded by two electrically-operated traveling coal 
towers, each of which will be capable of handling 
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350 tons of coal per hour and will have a traveling 
range of 307 ft. along the bulkhead. They will be 
provided with 3-ton buckets, have a hoisting speed of 
930 ft. per minute and a 65-ft. lift, the main hoist 
being driven by a 250-h.p., 2300-volt motor. 

There will be a ring-type crusher driven by a 75-h.p. 
motor on each tower, which will break the coal to 
114 in. and smaller sizes. Each tower will be provided 
with a 36-in. 60-ft. belt conveyor of 350 tons capacity 
equipped with automatic scales. 

The coal from the crusher may be fed either onto 
this conveyor, which will dump it on the landward 
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side of the tower, to be taken to the 48,000-ton outdoor 
storage yard by drag scrapers, or it may be fed to 
either one of the two 36-in. 320-ft. belt conveyors 
located on the bulkhead under the towers. The latter 
will deliver the coal to two other conveyors, equipped 
with automatic scales, which will run back about 
165 ft. from the bulkhead at right angles to 
the first pair, and deliver coal to a single 54-in. 
35-ft. belt of 750-ton capacity, which in turn will 
feed the skip hoists located near the end of the 
mill house. 

There will be two 5-ton skip hoists of the two-bucket 
balanced type each driven by a 125-h.p., 440-volt 
motor. They will have a capacity of 350 tons per hour 
with a hoisting speed of 270 ft. per minute and a 
lift of 167 ft., and will deliver coal to two 36-in. belts, 
35 ft. and 29 ft. long respectively, and equipped with 
automatic scales, which will convey it to two 36-in. 
137-ft. belts located above the raw coal bunkers in the 
mill house. The arrangement of the automatic scales 
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will be such that all the coal going either to 
storage or coal bunkers may be weighed. 
The coal storage yard is to be located to 
the south of the mill house and is approxi- 
mately 400 ft. by 125 ft. in area. It will 
accommodate about 48,000 tons of coal. A 
drag scraper will be provided for handling 
coal into and out of storage, which will take 
coal from a pile fed by the belt in the coal 
tower, or from a pile fed by a chute from 
the skip hoists, and spread it over the storage 
yard to a depth of about 40ft. It will also 
reclaim the coal from storage by delivering 
it to a hopper which will feed the skip hoists 
described above. The motor-driven tail 
sheaves for the drag scraper will be located 
on steel runways above the walls of the 
yard and their positions will be controlled 
from the operating cab of the drag scraper. 


The Mill House 

The present mill house is of brick and steel 
construction, approximately 155 ft. long, by 
61 ft. wide, by 126 ft. high, and is located on 
the south side of 14th St. opposite the main 
building. It will be extended in the future to 
provide space for additional equipment. It 
contains the raw coal bunkers, dryers, pul- 
verizers, transporters, air compressors, and 
alternating-current house turbine. A plan is 
shown in Fig. 3, and an elevation section in 
Fig. 4. 

The raw coal bunkers have a combined 
capacity of 5000 tons and are divided in three 
sections. They are supplied with coal by means 
of the skip hoist and belt conveyors described 
above. 

Duplex horizontal gates at the bottom of 
the bunkers control the coal flow to vertical 
coal dryers immediately below. 

There are two dryers per mill, the moisture- 
laden air from which is drawn into a hori- 
zontal flue, from whence it is exhausted by 
three motor-driven fans of 28,000-c.f.m. 
capacity, and discharged into six cyclone dust 
collectors. 

The dust caught in the collectors is dis- 
charged into the transport pumps. When 
desirable the dryers may be emptied through 
a discharge pipe into a 11-cu. yd. hand car 
which runs on rails on the ground floor of 
the mill house. 

The mills, or pulverizers, are set upon 
steel and concrete foundations located on the 
ground floor of the mill house immediately 
below the dryers. Each is provided with 
two motor-driven feeders which regulate the 
flow of coal from the dryers to the mill. 
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Fig. 3. Plan of Mill House Showing Layout of Screen Mills, Turbine Generator ani Air Compressors 
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EAST RIVER GENERATING STATION OF THE NEW YORK EDISON COMPANY 


Between the feeders and mill are located magnetic 
separators which eliminate scrap iron from the coal 
before it reaches the mill. There are six 70-in. screen 
mills in the present installation, each having a capacity 
of 15 tons per hour and driven by a 250-h.p.,a-c. motor. 
The pulverized coal from the mill passes directly to 
the transporters, of which there is one per mill. 

The transporters are vented through the exhauster 
flue to the dust collectors. They have a capacity of 
25 tons per hour and are connected into a transport 
pipe system, which carries the coal in two 10-in. 
headers across the bridge over 14th St. to the boiler 
house. In the boiler house the coal may either be sent 
directly to the 100-ton individual boiler bins, or may 
be first diverted to the two 10-ton weighing bins and 
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tains four air compressors each of 1391 c.f.m., 100 1b. 
per square inch capacity, driven by a 300-h.p., 
2300-volt synchronous motor, which furnish com- 
pressed air for the transporters, and a General Electric 
1000-kw. steam turbo-alternator for house supply. 
This machine is connected to the high-pressure (375 
lb., 700 deg. F.) steam line from. the boiler house. It 
exhausts at 3-lb. back pressure into a main that 
supplies the coal dryers with steam. The power gen- 
erated by this machine is used to take a portion of the 
load of the mill house motors, the amount of power 
generated being dependent upon the steam required 
by the dryers. The difference between the generated 
power and the mill house load is supplied by power 
from the 2300-volt power transformers. There is also 


Fig. 5. View of the Firing Aisle of the Boiler Room 


retransported by means of 25-ton per hour transporters 
tothe boiler bins. This latter system permitsthe weigh- 
ing of the coal fed to each boiler. From the boiler bins 
the coal is fed by direct-current motor-driven feeders 
to the burners, of which there are ten per boiler. 

An automatic bin indicating system will be in- 
stalled to indicate the level of the powdered coal in 
each of the individual boiler bins. It will consist of 
floats that are continuously raised and lowered in the 
bins by means of cams driven from either one of two 
revolving shafts that extend the entire length of the 
boiler room. Upon lowering, the float comes in contact 
with the top of the powdered coal and its position is 
indicated on a calibrated scale located in front of the 
boiler at the operating level. In addition the movement 
of the float actuates, through a gear reduction system, 
a potentiometer rheostat that gives an indication on 
a voltmeter located in the mill house, from which 
point the coal transport is controlled. 

The mill house, in addition to the raw coal bins 
and mills, and other equipment described above, con- 


an emergency steam connection to the dryers from the 
high-pressure steam line through reducing valves 
(250 lb. sat. to 3 lb). 


BOILER UNITS 


As it was necessary to occupy 104 ft. of the width of 
the main building with the turbine room and electrical 
galleries, only 102 ft. was available for the boiler 
room. The ultimate length available for this room is 
910 ft. which is sufficient for 44 boilers, if this number 
is required for the ultimate generating capacity, which 
will be at least 1,000,000 kw. 

The engineers of the company, after a Grd 
study of the subject, decided on pulverized fuel for 
this station, it being the first large installation of the 
kind to be made by the Edison Company. 


Description of the Boiler Units 

The boilers (Fig. 6) were manufactured by the Spring- 
field Boiler Company and have 14,809 sq. ft. of heat- 
ing surface, exclusive of water walls or super-heaters. 
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The boiler is in general of the standard Springfield 
design, the principal change being in the substi- 
tution of one 4-in. tube with fins in the place of the 
cluster of four 3-in. tubes in the outside sections of the 
upper bank. Each boiler is 27 sections in width, with 
32 tubes per section, arranged two wide by sixteen 
high, except as noted above and also in the lower bank, 
where 44 tubes are left out at the side to allow the 
superheater tubes near the wall to give full superheat. 
If this were not done, the cooling of the gases near the 
water walls would reduce the superheat. The tubes are 
20 ft. long, and the gauge for the 3-in. tubes is No. 8 
B.W.G., while that for the 4-in. is No. 6 B.W.G. 
Four rows of tubes are located below the superheater 
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All side wall tubes are 4 in. in diameter and No. 6 
B.W.G. The side walls are constructed of vertical 
tubes, with a maximum length of 32 ft. 10%% in., 
terminating at each end in 11%4-in. headers. These 
headers are made from forgings furnished by The 
Tacony Steel Company, and are 11% in. thick. The 
front wall is made up of vertical tubes with a 1134-in. 
header at the top, and a 24-in. inside diameter forged 
drum at the bottom. The rear wall is built up of 
vertical tubes terminating in 11-in. headers top and 
bottom. A portion of the wall under construction 1s 
shown in Fig. 7. 

The 24-in. drum at the bottom of the front wall is 
provided with manhole covers at each end, the other 


Fig. 6. A Tube Deck of One of the 1550-h.p. Boilers That Produce Steam at 375 lb. and 750 deg. F. 


and twelve above. One 54-in. drum is provided for 
each boiler, the thickness being 33 in. The top hori- 
zontal circulating tubes are 3 in. in diameter and 108 in 
number. A standard Springfield cap is used for all 
hand-hole openings. The 4-in. tubes above referred to 
as comprising the outer rows of tubes above the 
superheater have welded vertical fins which form a 
metal wall. 


Boiler Furnace Construction 

The unusual construction of the boiler furnace 
1s Of special interest. The furnace is entirely sur- 
rounded on all sides by water-cooled surfaces in order 
to eliminate all refractory walls, which are a source of 
excessive maintenance in all furnaces where high 
ratings are developed. The walls were constructed by 
the Combustion Engineering Corporation from plans 
made by Thomas E. Murray, Senior Vice President 
of The New York Edison Company. 


headers being too small to allow for such manholes. 
All tubes comprising these walls are provided with 
fins similar to those used in the furnace construction 
originally installed at the Hell Gate Station of The 
United Electric Light and Power Company, the only 
change being that the fins do not overlap, a small 
clearance being provided between their ends. It was 
impracticable to overlap the fins because their inter- 
ference would make replacement of tubes a very 
difficult matter. 

As the vertical system of firing was adopted for 
this station, it was necessary to have a flat arch at 
the front of the boilers. Brickwork was eliminated at 
this point by the installation of a water-cooled arch 
built up of 4-in. tubes terminating at one end in the 
upper header of the front wall, and at the other in a 
header located directly below the mud drum of the 
main boiler. These tubes are also provided with fins 
similar to those on the walls of the boiler. The only 
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refractory material in the interior of the furnace is 
that used to form walls around the various drums. 
Tile is used for this protection. 

The water screen is of the standard Combustion 
Engineering Corporation design, the screen tubes 
being connected in with the drum and headers to 
form the side walls. The tubes are placed 14 in. 
center to center. 

The water circulation system is as follows: An 
auxiliary header is provided below each end of the 
main drum of the boiler, and seven 4-in. tubes connect 
the main drum with each of these headers, which are 
made from forgings. Water flows from the headers 
through 6-in. pipes to the opposite ends of the bottom 
headers and then vertically through the side wall 
tubes to the upper headers, from which it passes at 
one end through a 10-in. pipe on each side to a header 
parallel to the main drum and 414 in. above its center 
line. The flow is from this header into the main drum 
through fifteen 4-in. tubes. 

The short tubes at the front of the side walls dis- 
charge into a short header, and from thence to a 
header parallel to the main drum, into which the 
mixture of steam and water finally flows. The header 


last mentioned also serves as a return for water and 


steam for the front wall. 

The circulation to the front and back walls is 
through fifteen tubes leading from the main drum to a 
header parallel to it, and 5 ft. 714 in. below its center 
line. From this header the water flows downward 
through two 8-in. pipes to two headers parallel to the 
24-in. drum previously mentioned. This auxiliary 
header is tied into the 24-in. drum at five points by 
4-in. tubes. Water is taken from the 24-in. drum 
through the water-screen tubes, and then into the 
header at the bottom of the rear wall, from whence it 
flows vertically into the upper header and then through 
nipples into the bottom of the upper boiler sections. 
The water and steam from the walls then pass to the 
main drum with the circulation of the main boiler. 

From the 24-in. drum at the bottom of the front 
wall, water passes into the front wall tubes to the 
upper header of this wall, then through the tubes of 
the flat arch into the header directly below the mud 
drum. From this point the steam and water flow 
through two 8-in. pipes to an auxiliary header 
(previously mentioned) parallel to the main drum and 
1 ft. 1114 in. below its center line. This auxiliary header 
is connected to the main drum by fourteen 4-in. 
tubes. 

The weight of the rear wall of the furnace is carried 
directly from the upper boiler header sections. The 
front wall is suspended from steel work, as are the 
two side walls. All walls will expand down when 
heated. The upper header, of flat arch construction, is 
carried on steel work and, as this point is fixed while 
the main boiler expands downward, it is necessary to 
provide a seal. 
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The steel plate enclosure is made up by welding a 
thin plate to both the mud drum and the upper 
header of the flat arch. This is arranged in such a 
way as to take care of the expansion. Directly in 
front of these headers a tile partition is installed to 
prevent the radiant heat of the furnace from striking 
the headers, the same method of sealing being 
adopted at the base of all walls. 

The bottom of the furnace is constructed of 414-in. 
reinforced concrete slabs with 5 in. of diatomaceous 
material and 9 in. of fire brick over them. 

The superheater, which was made by Superheater 
Company, is located between the upper and lower 
banks of boiler tubes. It has 3430 sq. ft. of heating 


Paz” 
E, 
duos. pa 7 


| 


Oo ee i eer. 
-p 1 ee o. eee oy 
— — aw . os 
"o a A a — 


A 
je 
i Y r~ 
- i a 
5 


¿Es $ 


1, HAS 


Fig. 7. Water Screen of the Boiler Furnace Wall. The four walls of 
the furnaces are faced with steel-finned water tubes to permit the 
use of high combustion temperatures without wall deterioration 


surface arranged in 74 elements, each having five 
loops. The superheater headers are located directly 
back of the first pass baffle. The maximum temper- 
ature of the superheated steam will be approximately 
700 deg. F. 

Above each boiler is located a Combustion Engi- 
neering Corporation air heater, which will raise the 
temperature of the air at normal rating approx- 
imately 390 deg. F. Gases will flow vertically through 
the air heater and then be discharged through a 
Metropolitan Cinder and Dust Collector to an 
American Blower Company Collector, located above 
the roof. Sturtevant steam-turbine-driven induced 
draft fans rated 150,000 cubic feet per minute at 8.5 
in. water gauge are located between the two dust col- 
lectors, a 7 to 1 reduction gear being used between each 
400-h.p. turbine and its fan. The forced draft fans are 
located on the level just below the roof and have a 
capacity of 75,000 cu. ft. of air per minute at 6.4in.static 
pressure. Each fan is driven by a Sturtevant steam 
turbine of 115 h.p. through a 4 to 1 reduction gear. 
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Fig. 8. Cross-section of the Station Proper 


This section, taken through the center line of stack No. 1 (see Fig. 1) gives a comprehensive view of the 
arrangement of the steam and electrical generating, and electrical switching equipment 
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EAST RIVER GENERATING STATION OF THE NEW YORK EDISON COMPANY 


The unique feature of this boiler installation is the 
covering for the water walls, the usual refractory walls 
being eliminated. Two inches of diatomaceous earth 
bonded with cement is placed next to the fins and 
fills the spaces between the tubes. Outside of this 
material is "placed 4 in. of Webbers No. 48 cement 
reinforced with %-in. rods welded to clips which are 
attached to the tubes. The outside is covered with 
1% in. of hard finish and painted. The upper wall is 
covered with insulating material and a steel casing. 
The roof is built up of 214-in. tile laid on the irons 
which rest on the horizontal circulating tubes, 
together with 214-in. insulating material, 21% in. of 
ganistre and 1% in. of cement. The drum is covered by 
214 in. of magnesia with a steel plate over that. 
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fans, the induced-draft fans, coal-feeder motors, 
primary and secondary air dampers and the excess- 
feed water-pressure valves. 

The supermaster controller also controls the pres- 
sure to the regulators governing the boiler feed pumps 
and the primary air fans, as these supply water and air 
for all the boilers in operation. A motor-driven combi- 
nation set is provided consisting of an air pump, oil 
pump, air receiver, and return oil tank for supplying air 
pressure and oil pressure for the operating system. 


TURBINES 


In the present installation there are two 60,000-kw., 
1500-r.p.m., three-phase, 25-cycle, 11,400-volt, Gen- 
eral Electric steam turbines (Fig. 9). These machines 
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Fig. 9. View of Turbine Hall During the Erection of the Two 60,000-kw. Units. The top 
of the 40,000-kw. frequency changer can be seen beyond the second turbine 


AUTOMATIC BOILER CONTROL 


All of the boilers in the station are automatically 
controlled so as to maintain the coal, air, and water 
supplied to them in proper proportions to meet load 
conditions at all times. 

A supermaster control panel is provided by means 
of which the control of all of the boilers in the plant is 
centralized at one point. The controllers and piping 
necessary for the panel are installed in duplicate to 
meet emergency conditions. Each individual boiler is 
also provided with a control panel so that it may be 
controlled separately if desired. 

The supermaster controller is governed by the 
steam pressure in the steam line, and regulates the air 
pressure to the individual boiler controllers. The 
boiler controller in turn regulates the air pressure to 
the various regulators which control the forced-draft 


are 65 ft. long, 26 ft. wide, 17 ft. high, and weigh 
1,312,000 lb. each. They are operated with steam at 
375 lb. gauge, and 700 deg. F. total temperature. 

Each turbine has a 250-volt, 118-kw. direct-con- 
nected exciter and two external duplex-driven blowers 
for supplying the 110,000 cu. ft. of air per minute 
required for ventilating the generator. The blowers 
have a motor directly connected to one end of the 
shaft, and a steam turbine to the other. The motor 
forms the normal drive, the turbine being auto- 
matically put in service in the event of failure of a-c. 
power. The air is circulated within a closed system 
that contains a General Electric air cooler consisting 
of nests of spiral-finned tubes. A view of the generator 
end of one of these turbines is shown in the frontis- 
piece, and Figs. 10 and 11 give an idea of the arrange- 
ment of the fans and ducts. 
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The turbines are of the 20-stage, single-flow type, 
with steam extraction points located at the 11th, 
14th, and 18th stages. 

In addition to the main turbines there are two 
geared 


500-kw., 250/125-volt, De Laval steam 


Fig. 10. One of the 60,000-kw. Turbines, Showing the Cooler Sections and Part of the 
Duct Work in Place, as Well as the Dual-drive, Double-unit Fan 


turbines each driving a 
Crocker Wheeler direct- 
current generator for house 
service, operating on 375 
lb. steam, and exhaust- 
ing at any pressure within 
the range of 10 in. of 
vacuum and 1 Ib. gauge 
back pressure. These ma- 
chines are 13 ft. long, 6 ft. 
wide, 7 ft. high, and weigh 
35,800 lb. The speed of the 
turbine 1s reduced through 
a double helical reduction 
gearto900r.p.m.at the gen- 
erator end. These machines 
supply power for station 
lighting, for the boiler coal- 
feeder motors, and for 
valve-control motors. 
There is also installed in the mill house a 1000-kw. 
De Laval geared turbine driving a 2300-volt 
General Electric generator. This machine operates 
on 375 lb. steam and exhausts at 3 lb. back pressure. 
The turbine is connected to the generator by 
means of a double helical reduction gear which 
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reduces the turbine speed: of 3780 r.p.m. to 750 
r.p.m. at the generator end. This machine is to be 
used to furnish part of the power for the mill house 
motors, and its exhaust steam will be used for the 
coal dryers. 


CONDENSERS 
am Each of the main turbine 
zot generators is served by a 


45,000-sq. ft. single-pass 
Wheeler surface condenser. 
Each condenser is supplied 
with a cylindrical air cooler 
which contains 2500 sq. ft. 
of surface made up of 
finned tubes. 

The hotwell of the con- 
denser is rectangular in 
shape and has a capacity 
of 1500 gal. For removing 
the air and non-condensa- 
ble vapors from the con- 
denser there are two2-stage 
twin-element steam-jet air 
pumps, with surface inter 
and after condensers, ar- 
ranged so that either one or 
two elements of each pump 
may be operated as desired, 
depending upon the air 
leakage of the unit. They 
are designed to operate at 
a pressure of 250 lb. gauge. 
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Steam End of One of the 60,000-kw. Units 


The condensate from the hotwell pumps of the 
main condenser is pumped through the tubes of the 
inter and after condensers operating in parallel, thus 
absorbing all the available heat of the steam used by 
the pump. The steam from the inter condenser is 
returned to the main condenser through a water leg, 
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and that from the after condenser through a conden- 
sate trap, to the hotwell of the main condenser. 

There are two 8-in. noncondensing turbines driving 
two-impeller hotwell pumps for each main condenser. 
Each of these pumps has a 12-in. suction connection, 
and is designed to deliver 1350 gal. of condensate per 
minute against a total dynamic head of 135 ft., 
including the vacuum. 

Each condenser is provided with two 42-in. G-E 
steam turbine-driven double-suction bi-rotor Wheeler 
pumps (Fig. 12) for supplying the circulating water, 
having a 48-in. suction and a normal capacity of 
45,000 gal. of water per minute against a total 
dynamic head of 14.5 ft. The turbines are equipped 
with a new specially designed sectional type control- 
ling valve, which gives both higher efficiency at light 
loads and automatic regulation. Of this water 1000 gal. 
will be used in the condensers for the turbines driving 
the circulating pumps. The normal speed of the pumps 
is 270 r.p.m. 

When only one of the pumps is operating on the 
system it will discharge 57,500 gal. of watcr per 
minute against a total dynamic head of 7 ft. A cast- 
iron exhaust piece rigidly connects the turbine casing 
with the condenser, and supporting springs are pro- 
vided to take up the expansion and contraction of the 
unit. 

The condensers are designed to produce a vacuum 
of 281% in. when condensing 455,000 1b. of steam with 
75,000 g.p.m. circulating water at 70 deg. F. The 
condensate temperature is within 1 deg. of the 
temperature of the exhaust steam, and the oxygen 
content of the condenser is not in excess of 0.05 cc. per 
litre. 

The circulating pump turbine condensers are of the 
two-pass variety containing 700 sq. ft. of cooling 
surface made up of 34-in. outside diameter 18 B.W.G. 
tubes, 10 ft. long between tube plates. Each of them 
is equipped with two 2-stage steam-jet air pumps 
operating at 250 lb. steam, and a 5!4-in. by 5-in. 
by 5-in. duplex hotwell pump designed to deliver 
16 gal. of condensate per minute against 135 ft. total 
dynamic head, including the vacuum. This pump 
operates at about 20 strokes per minute. These con- 
densers will maintain a 28-in. vacuum when supplied 
with 1000 gal. of 70-deg. circulating water. 


HEAT BALANCE 


The feed-water heating system of the station is as 
follows: The condensate from the main condensers 
passes through the air-ejector condenser and after 
cooler, and then successively through four closed 
heaters. The first is supplied with steam extracted 
from the 18th stage of the turbine; the second is 
supplied with steam from the auxiliary exhaust 
header; the third 1s supplied with steam from the 
14th stage of the main turbine, and the fourth from 
the 11th stage of the main turbine. 
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At high loads the amount of steam from the auxil- 
iaries may be more than the exhaust heater can 
condense. The excess steam is carried to the 18th 
stage bleed line through a loaded valve and thence to 
the 18th stage heater, which results in a decrease in 
the amount of steam bled from the 18th stage. The 
pressure in the auxiliary exhaust heater varies with 
the load from about 10 in. vacuum at low to 2 lb. 
gauge at the high loads. 

The feed-water heating system is self-regulating 
and requires no manipulation whatever. The amount 
of steam bled from the various stages depends on the 
quantity of feed water passing through the heaters, 
inasmuch as each heater acts as a condenser for its 
steam. . 


Fig. 12. 


A 300-h.p. General Electric Turbine Geared to a 
45,000-g.p.m. Circulating Water Pump 


The make-up water is introduced into the main 
condensers for the purpose of de-aeration. It 1s 
estimated that it will amount to approximately 2 
per cent of the steam produced. . 

Table I shows the amount of steam absorbed in the 
heaters, the pressures and temperatures occurring at 
full load (60,000 kw.) for certain assumed auxiliary 
load conditions. It serves to illustrate the progressive 
heating of the feed water as it passed through the 


system. 
TABLE I 
MAIN TURBINE —60,000-KW. LOAD 


| 
| Lb. of Steam Steam Pressure Sat. S Water 

Heater te Heaters | T ee emp. 
Ejector Cond.. 1,200 0.6 85 80 
18th Stage.... 29,540 5.0 163 158 
Aux. Ex...... 39,000 13.1 206 201 
14th Stage.... 47,200 46.8 277 270 
llth Stage.... 51,250 127.5 346 339 


The hotwell pumps provide the necessary head for 
pumping the water from the hotwells through the 
ejector condenser and the first stage heater into the 
second stage heater. From the second stage heater 
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the water enters the boiler feed pumps, which pump 
it through the 3rd and 4th stage heaters into the 
boilers. The condensate from the stage heaters passes 
successively from the fourth down to the first, or 
lowest, pressure heater, being trapped between 
stages, and from there pumped into the feed-water 
line between the first and second stage heaters. The 
condensate from the ejector condenser and after 
cooler is returned to the main condenser. 

There are no economizers on the boilers. They are, 
however, provided with plate-type air heaters, which 
raise the temperature of the air at normal rating 
approximately 390 deg., the escaping flue gases 
leaving at approximately 325 deg. 


FREQUENCY CHANGER SET 


In addition to the turbine generators there is in 
the present installation a 40,000-kw. General Electric 
frequency changer set for converting 60-cycle, 13,800- 
volt current to 25-cycle, 11,400 volts, or vice versa. 
This machine (Fig. 13) serves to tie in the New York 
Edison 25-cycle system with the United Electric Light 
and Power Company, and the Brooklyn Edison sys- 
tems. The set is of the induction type, and consists of a 
25-cycle, 27,000-kw. synchronous machine of the 
salient pole type, directly connected to a 40,000-kw., 
60-cycle induction machine. The rotor of the latter is 
electrically connected to the 25-cycle power supply 
through an 18,000 kv-a. air-blast transformer having 
a nominal low voltage rating of 3300 volts. The 
transformer is connected A—A and is provided with 
a series of five taps in the high-voltage winding, by 
means of which the power-factor of the set may be 
controlled. The desired transformer ratio is secured 
through an arrangement of reactors and control 
switches. 

A feature of the set is the means provided for 
phase shifting on the synchronous machine. This is 
accomplished by a solenoid valve-controlled powerful 
hydraulic mechanism which rotates the stator through 
an arc comprising one complete polepitch. The 
mechanism also serves to lock the stator in position, 
without the aid of auxiliary devices. 

Essentially the mechanism (Fig. 14) consists of a 
-hydraulic cylinder, located in a horizontal position 
beneath the machine, the piston rod being connected 
to a lug which is bolted to the stator frame (see A, Fig. 
15). The control of the mechanism proper consists 
of two solenoid-operated valves, a motor-driven oil 
pump, a two-contactor panel for controlling the 
valve solenoids and two limit switches which operate 
through the pump motor to prevent overtravel of 
the stator in either direction. 

The operation is as follows: The hydraulic cylinder 
is designed so that the area of the piston rod is one- 
half the cross-section of the cylinder. When the valve 
in the pressure line is opened, pressure is applied to 
both ends of the piston, but due to the difference in 
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area of the rod end and the head end, the piston 
will move away from the head end, and oil is pumped 
into the latter and forced out of the former. Motion 
in the opposite direction is secured by leaving the 
pressure line closed, and opening the return line 
valve. Oil is then pumped into the rod end and the 
oil in the head end is forced back to the storage tank 
through the return line. 


Fig. 13. The 40,000-kw. Frequency Changer Set Used to 
Tie the 25- and 60-cycle Systems Together 


When both valves are left closed, oil is trapped in 
both ends of the cylinder to prevent motion of the 
ram. When the machine is loaded, and the ram is 
made to travel against the load torque of the machine, 
the pump builds up a pressure sufficient to overcome 
the increased load. 

The actual position of the stator is indicated in 
the main control room of the station by a Selsyn 
indicating system, the generator of which is geared 
to the stator. The purpose of the phase shifting feature 
is to enable the operator to divide the load between 
the 25- and 60-cycle systems with the 35,000-kw. 


Fig. 14. Hydraulic Stator Shifting Device for Shifting 
Phase Fosition on the 40,000-kw. Frequency Changer 


frequency changer set located in the Hell Gate 
Station of the United Electric Light and Power 


Company. 


The excitation for the frequency changer set 1s 
furnished by a directly connected 115-kw., 250-volt 
direct-current generator. Starting is accomplished 
by means of a 1600-h.p., 13,800-volt, 60-cycle in- 
duction motor, directly connected on the 60-cycle 
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end. The set is brought up to speed by gradually 
cutting out resistance in the rotor circuit of the 
starting motor by means of contactors which are con- 
trolled from a master switch in the main control 
room of the station. 

Another interesting feature of the set is the 
ventilating system, which employs a surface air 
cooler similar in principle to that of the main 
turbines, but differently arranged to suit the con- 
struction of the set. Four fans for each unit of the 
set are located in a pit underneath it, and force air 
upward through the ends of each unit. From thence 
the air passes through the windings and downward 
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Fig. 15. 


in the center of the unit, through the air cooler, and 
back to the intake of the fans. The fan equipment for 
the 40,000-kw., 60-cycle unit consists of four 25,000- 
cu. ft. fans each connected to a 60-h.p., 2300-volt, 
1500-r.p.m. motor delivering at a static pressure 
of 9 in. The equipment for the 27,000-kw-a., 25-cycle 
unit consists of four 15,000-cu. ft. fans direct-con- 
nected to 10-h.p., 25-cycle, 440-volt, 750-r.p.m. 
motors, delivering air at 2.5 in. The air blast trans- 
former is supplied by a separate blower which delivers 
25,000 cu. ft. of air at 7 in. static pressure. 

The general construction and overall dimensions 
of the set are shown in Fig. 15. 


THE ELECTRICAL SYSTEM 


The electrical galleries are designed on the isolated 
phase system, the phases being on three floors, 
separated vertically. The operating mechanisms are 
located on a fourth floor, above the other three. 

On the ground floor of the electrical galleries are 
located the 60-cycle transformers and switching equip- 
ment for the frequency changer, and the transformers 


50Ft. 6 in. Overall 
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and switching equipment for the station auxiliaries. 
The mezzanine floor immediately over the ground 
floor contains the storage batteries and frequency- 
changer tap-changing equipment. On the second 
floor are located the auxiliary control switchboards 
and motor-generators, the main generator and fre- 
quency-changer runs, the grounding transformers and 
the oil testing and filtering equipment. The main 
11,400-volt buses, switching equipment and reactors 
are located on the next three floors, using the segre- 
gated phase arrangement, with one floor for each 
phase. The operating mechanisms for the 11,400-volt 
oil circuit breakers and disconnecting switches are 


Cross-section of the Frequency Changer Set Showing Location of Hydraulic Mechanism at A 


located on the floor immediately over the phase 
floors. Plans of three of these floors are given in Figs. 
16, 17 and 18. The top floor contains the blowers, 
heating coils and air washers used for the electrical 
gallery heating and ventilation. The high-tension con- 
trol switchboards are located at the east end of the 
building on the fifth floor, overlooking the turbine 
room (see Figs. 19 and 20). The high-tension and low- 
tension feeder testing equipment is located at the 
east end of the building on the second floor. 


Connections 

From an examination of the one-line diagram, Fig. 
21, it will be seen that the system of connections used 
in this station is essentially the same as has been used 
in the generating stations on the Edison system for 
many years. Main and auxiliary buses are provided 
with selector switches feeding groups of two feeders 
each. A modification in the Edison system of radial 
feeders has been used, however, in this station, the 
individual feeders being double the capacity formerly 
used and arranged to supply two synchronous 
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converters from each feeder. In no case does the same 
feeder supply two converters in the same station. 
The buses are divided into sections by means of bus 
tie switches and reactors, one section being provided 
for each generator and twelve feeders. In order to 
preserve the integrity of the buses and limit the 
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River Station to the 60-cycle system through the 
Hell Gate Station and to the 60-cycle system of the 
Brooklyn Edison Company. The 60-cycle feeders 
from Hell Gate and Brooklyn are brought in at 
27,600 volts, tapped, and connected through trans- 
formers to the 60-cycle frequency-changer bus, to 


Fig. 19. View of High Tension Control-board Room. On the right is the control board for the two 
generators and the frequency changer. In the left background is the initial installation 
of the curved feeder control board 


Fig. 20. Relay and Totalizing Board in the Control Room. On the right is the station totalizing wattmeter 
built by the General Electric Company, which is the largest of its type in service 


short-circuit current, current-limiting reactors are 
provided on all circuits entering and leaving the bus, 
and in the bus tie connections between bus sections. 
The frequency changer provides an additional tie 
of 40,000 kw. between the 25- and 60-cycle systems, 
and serves to tie the 25-cycle system of the East 


which the 60-cycle end of the frequency changer is 
connected. 

The General Electric oil circuit breakers which are 
used throughout the station for the high-tension 
connections are of the dead-tank type. Those used 
for the 60-cycle connections are arranged with 
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phases adjacent while those used on the 11,400-volt, 
25-cycle system are arranged with the phases segre- 
gated. The latter breakers have ratings of 800, 1200, 
3000 and 4000 amp. at 15,000 volts. 
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unit poles which make up a complete breaker is 
mounted in a separate cell structure and the three 
separate cells for each triple pole breaker are ar- 
ranged in a vertical tier, occupying three floors. Each 


Fig. 21. 


Fig. 22. Complete 1200-amp. Feeder Selector Breaker. The oper- 
ating lever of the clamping device may be seen at the right 


The circuit breakers for both the 25- and 60-cycle 
systems were specially designed to meet the particular 
requirements of this installation. In the case of those 
used on the 25-cycle system (Fig. 22) each of the three 


One-line Diagram of High-tension Connections 


unit pole of the breaker is suspended between the 
walls of its cell and is located about 8 ft. above the 
floor. The centrifugal motor operating mechanism is 
mounted directly above the unit poles, on the fourth 
floor. Disconnecting switches for each unit pole 
are mounted with their horizontal center lines 
above the unit pole support. Their manual operat- 
ing mechanism is mounted beside the motor mecha- 
nism on the fourth floor. The disconnecting switch 
compartment is separated from that of the circuit 
breaker by a horizontal barrier which carries the 
25,000-volt roof entrance bushings through which 
the connections are made. A comprehensive idea of 
the arrangement of this equipment may be gained 
from Figs. 24 and 25 which are sectional views 
of the arrangement. 


The bréakers used on the 60-cycle system are of 
the same general type, but the pole units are mounted 
in adjacent cells, with connections through insulating 
bushings in the back wall. The centrifugal motor 
mechanisms which operate the breakers are mounted 
on top of the three-phase cell group. A vent opening is 
provided in the cover of all breakers to allow gases 
from the tank to escape through piping which carries 
them away from the cell. 


Due to the concentration of power on the main 
buses in this station, 1t was found necessary to design 
oil circuit breakers of a high interrupting capacity. 
All generator, bus tie, and feeder selector oil circuit 
breakers are designed with an interrupting capacity of 
1,500,000 kv-a. The feeder oil circuit breakers have 
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an interrupting capacity of 500,000 kv-a. In order 
to facilitate prompt inspection of any switch, motor- 
operated trucks are provided by means of which 
the tanks of a breaker can be lowered in less than 
five minutes. Interlocking features are provided, 
however, so that the switch tanks cannot be 
lowered unless the disconnecting switches for that 
breaker have been opened. All of the high-tension oil 
circuit breakers are operated by means of the newly- 
developed motor mechanism which operates by 
centrifugal action. This type of mechanism provides a 
much smoother operation of the breaker than has 
been found possible heretofore, and causes less shock 
to the breaker-operating parts. Bushing type current 
transformers are used, and to conserve space are 
mounted in bushings on top of the oil circuit breaker 
compartment. Disconnecting switches are provided on 
both sides of all oil circuit breakers and are operated 
by means of a remote-operated mechanism from the 
mechanism floor. The oil circuit breakers and dis- 
connecting switches are mechanically interlocked, 
making it impossible to open or close the disconnect- 
ing switches unless the oil circuit breakers are in the 
open position, and making it impossible to operate the 
oil circuit breakers unless the disconnecting switches 
are in the fully open or fully closed position. It is 
also impossible to operate either the oil circuit 
breakers, or the disconnecting switches while the 
installing truck is being used in the switch cell. This 
interlocking feature is made possible by a specially 
designed clamping mechanism for the tanks of the 
oil circuit breakers. 

This mechanism consists essentially of four clamps 
and toggles, two of each on either side of the breaker, 
and a hand operating lever. The clamps engage under 
lugs on the oil circuit breaker tank, and due to the 
construction of the mechanism exert a very powerful 
upward pressure to lift the tank and hold it in position. 
By a single 90-deg. movement of the hand operating 
lever the tank may be lifted from the installing truck 
and clamped into place on the breaker, or may be 
released and placed on the installing truck as the 
case may be. The lever may be returned to the ver- 

tical position irrespective of whether the clamping 
mechanism is in the released or closed position. 
Furthermore, the tank cannot be unclamped unless 
the installing truck is in position to receive it. 

An interesting feature of this station is the insula- 
tion of all high-tension connections. All high-tension 
buses, connections, and runs from the generators and 
frequency changer, are made of laminated flat copper 
bars, insulated for full voltage with varnished cambric 
tape which was put on each section before erection by a 
specially designed wrapping machine. All buses and 
connections are mounted on 25,000-volt porcelain 
insulators. When the sections are bolted together, the 
joints are covered with a thin copper form to cover 
the bolt heads, and hand wrapped with varnished 
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cambric tape to provide the same insulation as 
is used on the other parts of the buses and connec- 
tions. For additional safeguard and to prevent the 
exposure of the buses and main connections to damage 
from external causes, these buses and connections are 
housed in concrete troughs covered with removable 
doors made of 34 in. transite. 

Considerable care has been taken in this station to 
prevent the communication of trouble between main 
and auxiliary buses, or between sections of the same 
phase. By reference to the phase floor plan (Fig. 18) 
it will be noted that fire walls have been placed so that 
all breakers and reactors belonging to a bus section 
of any particular phase are isolated. Connections are 
carried through the walls dividing the sections by 
means of insulating bushings similar to those used 
for the cell top bushings of the breakers. Wherever 
operating rods pass through these walls, special gas- 
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Fig. 23. Diagram of Breaker Clamping Mechanism 


tight fittings of a flexible leather bellows type have 
been installed (Fig. 27). It can therefore be seen 
that no gas can pass through from one bus sec- 
tion compartment to another. This same scheme 
of using gas-tight fittings is employed for the operat- 
ing rods of selector disconnecting switches, in order 
to prevent gases communicating between cells of 
the switches on main and auxiliary buses. These 
disconnecting switch compartments are provided 
with doors to make them as nearly gas-tight as 
possible. All operating rods passing through phase 
floors are also provided with gas-tight fittings. 

The system of relay protection provides for differ- 
ential protection for the generators and transformers, 
balanced current protection between generator wind- 
ings, overload and ground protection on the feeders, 
and main bus ground protection on each bus section. 
The bus ground protection system is arranged in such 
a way that all insulators used for supporting the 
main bus with its connections, and the insulators of 
all selector oil circuit breakers and disconnecting 
switches, are connected to a separate grounding bus 
so that failure of an insulator will cause current to flow 
to this bus. The current is then carried through cur- 
rent transformers to the main station ground. Relays 
are arranged to operate from these current trans- 
formers to cut out the generator, bus tie, and station 
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Fig. 24. Section Through Generator Switching Equipment 
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Fig. 25. Section Through Feeder Group 
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tie feeders, which are connected to the grounded 
section, in this way disconnecting the affected section 
from service, but not interfering with the remaining 
bus sections. It will be seen from the one-line diagram 
(Fig. 28) that the bus tie switches are so arranged 
that two of them are always in series, whether 
the reactor is used or not, and that, on the occa- 
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Fig. 26. Two sizes of G-E Oil Circuit Breakers Used in the Station. 
The one at the left is the type used throughout for connection of 
buses, while the other is the type used on all feeder circuits 


sion of a ground fault, it is possible to clear a 
bus section definitely, as one breaker will always 
open with its section, while the other two will open 
only in the event of faults occurring on the other 
section. 

Although the main auxiliaries, such as the circulat- 
ing water pumps, boiler feed pumps, and the forced 
and induced draft fans are steam driven, auxiliary 
power to the extent of 8000 kv-a., at 2300 and 440 
volts, 25 cycles, is required in the initial installation, 
and it is estimated that this will be increased to 20,000 
kv-a. for the complete station. The power required 
for the auxiliaries is obtained from the 11,400-volt 
buses through stepdown transformers with double 
secondary windings which supply both the 2300-volt 
and the 440-volt house service buses. Three trans- 
formers of 4000 kv-a. capacity each are installed 
at the present time, one of which is a spare. 
-The transformers are fed from different sections 
of the main bus to insure an adequate supply in 
case one of the main bus sections should be out of 
Service. 

The buses on the 2300-volt system are sectionalized, 
with one transformer feeding each section. Bus tie 
switches are provided, making it possible to tie 
through from one section to another in case the 
transformer that feeds that section is out of service. 
The general scheme of connections used on the 2300- 
volt system is the same as is used on the Edison high- 
tension system; that is, two feeders in a group, 
supplied from either bus through selector oil circuit 
breakers. For large motors and main feeds, such as the 


GENERAL ELECTRIC REVIEW 


Vol. 30, No. 5 


coal tower and mill house supply, individual feeders 
are provided. In other cases a feeder supplies a group 
bus, which in turn supplies four small motors or 
transformers. All motors are designed for full-voltage 
starting, and are operated by means of push-buttons, 
thereby eliminating the complicated equipment 
required for automatic starting with a starting bus 
or compensator. The motor switches are located 
on the first floor of the electrical galleries and are 
operated by means of push-button control stations 
located at each motor. Continuity of service on 
the auxiliary system is assured, because duplicate 
or spare feeds are provided for all important opera- 
tions. 

All auxiliary motors of 50 h.p. or over are operated 
at 2300 volts,-all a-c. motors smaller than 50-h.p. 
being supplied from the 440-volt, 25-cycle system. 
This system is supplied from a third winding on the 
4000-kv-a. auxiliary transformers, and each trans- 
former is designed to supply 800 kv-a. at 440 volts. 
The 440-volt bus is sectionalized, with one transformer 
feeding each section, and with bus tie switches 
arranged to tie the sections together. The main feeds 
to and from the 440-volt buses are controlled through 


Back Wall of Isolated Phase Oil Circuit Breaker Cell 
Structures, Showing the Operating Pipes and the Fittings Where 
the Operating Rods of Each Pole Are Carried Through the 
Wall. Note the separating chambers, and pipes, for carrying 
gases away from the breaker tanks 


Fig. 27. 


remote control oil circuit breakers, operated from the 
auxiliary control switchboard. Feeders are run from 
the main bus to distribution buses supplying the 
different sections of the station. There are two 440-volt 
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distribution buses in the electrical galleries—one in 
the service building and two in the boiler house, 
supplying the boiler house and turbine room. The 
440-volt distribution switchboards are of the safety 
type, fully enclosed, with hand-operated oil circuit 
breakers on all distribution feeders. 

The oil circuit breakers used on the 2300-volt 
system are of the truck type, built by the Westing- 
house Electric and Manufacturing Co., the feeder, 
selector, transformer and bus tie switches having an 
interrupting capacity of over 100,000 kv-a. 
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carbon circuit breakers to the main d-c. power buses. 

The main d-c. buses are located in the basement of 

the boiler house and the boiler coal-feeder group buses 

near the boilers which they control. Each boiler . 
coal-feeder motor is controlled by means of a safety- 

type switch and a starting box. The ten motors for 

a boiler are arranged for automatic group speed 

control which will raise or lower the speed of all motors 

feeding a boiler simultaneously, in accordance with 

the amount of steam required from that particular 
boiler. 
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Fig. 28. One-line Diagram of the Ground Protection System 


The station lighting, the boiler coal-feeder motors, 
and the valve-control motors, are operated by direct 
current at 250 volts (Fig. 30). This system is supplied by 
two 500-kw. turbine generators for the initial installa- 
tion, with provision for the addition of two moreturbine 
generators of the same size for the completed station. 
A 2240-ampere-hour storage battery is connected to 
this system to provide an emergency source of power 
in case of failure in the supply from the generators, 
with provision for the installation of a second battery 
of the same capacity in the future. Duplicate buses 
are provided, and all circuits are controlled through 
carbon circuit breakers to either bus. The boiler coal- 
feeder motors, of which there are ten to a boiler, are 
supplied from a group bus connected through selector 


Power supply for the coal handling and preparation 
plant is obtained from 2300-volt, 25-cycle buses 
located in the mill house. For the initial installation 
four bus sections are installed, three of which are 
used for the coal preparation plant and one for coal 
handling, exclusive of the coal towers, for which 
separate feeders are run from the main 2300-volt 
buses in the electrical galleries. Disconnecting 
switches are provided to connect adjacent sec- 
tions of the bus together in case a bus feeder is out 
of service. Each 2300-volt bus section supplies 
two sub-buses through automatic truck type oil 
circuit breakers. Each sub-bus controls three or 
four distribution feeders running to motors or trans- 
formers. 
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In order to provide exhaust steam for drying the 
coal, a 1000-kw. turbine generator is installed in the 
mill house and feeds a 2300-volt generator bus. 
Group buses, of which there are four, are supplied 
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Fig. 29. 
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440 volts through transformer banks, there being 
three banks of three 50 kv-a. transformers installed 
to supply the 440-volt power required for coal 
preparation and two banks of three 150-kv-a. trans- 
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View of Oil Circuit Breaker Operating Mechanism Floor. The motor mechanisms can be seen 


with the control panels mounted directly above. This is the first application of centrifugal 
motor mechanisms to this kind of service 


Fig. 30. 


through oil circuit breakers from the generator bus 
The circuits required for four mill equipments are 
arranged with selector switches to be connected 
either to the generator or transformer group buses. 
In this way, it is possible to vary the power supplied 
by the auxiliary generator in increments of about 
50 h.p. to suit the amount of exhaust steam required 
for drying the coal. Small motors are supplied at 


Po 
i 


Direct-current Control Board for the 250-volt D-c. Supply 


formers to supply the 440-volt power required for 
coal handling. 

The system of connections provided in the mill 
house is arranged in such a way that a failure 
of an entire bus section will only shut down a 
portion of the plant and will allow the coal prepa- 
ration plant to continue in service at a reduced 
capacity. 
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Light-transmitted Sound by Modulation of | 
Mercury-arc Radiation 


Purpose of Investigation—Electrical Equipment and Circuit Employed—Investigation of Modulation 
Characteristics—Radio Programs Retransmitted on Light Beam Without Distortion 


By DR. DONALD C. STOCKBARGER 
Massachusetts Institute of Technology, Cambridge, Mass. 


conceived the idea of trans- 

mitting a musical program 
over a beam of light in order to 
demonstrate in lectures the ‘simi- 
larity between radio and light 
waves. 

Concerning the reception of 
light-transmitted sounds, there 
was little question. Various exper- 
imenters had found the photo- 
electric cell satisfactory in their 
talking motion picture exper- 
iments; and Bell, many years 
before, had received spoken words 
over a beam of reflected sunlight with a selenium 
cell, an instrument lacking many of the superior 
features of the modern photoelectric cell. 

Concerning the transmission of sounds it appeared 
necessary only to devise some means of superimposing 
audio-frequency currents on the direct-current input 
to a mercury arc, for it was known that a current 
change would produce a practically instantaneous 
change in radiation intensity. 

Experiments were first performed with a direct- 
current mercury-arc quartz tube of the high-pressure 
type operated on rectified current. Using a pair of 
telephone receivers connected in a photoelectric cell 
circuit, it was found that the light pulses (which were 
capable of causing some stroboscopic effect when 
objects were moved near the arc) could be heard 
distinctly. 

Numerous circuits were then tried with varying 
degrees of success until several were found which 
satisfactorily transformed audio-frequency current 
into audio-frequency mercury-arc light pulses. One of 
the simplest of these is shown diagrammatically in 
Fig. 1. In this, the output of an audio-frequency ampli- 
fier is transformer-coupled to the arc, a large con- 
denser being connected in series with the transformer 
secondary winding to block the arc direct current. 
This circuit, as well as others which were quite 
different but equally effective, made it possible to 
carry out the lecture demonstration mentioned. 
Entire radio programs were transmitted over either 
light or filtered ultraviolet rays and reproduced with a 
photoelectric cell receiving set without introducing 
any detectable distortion or other loss of original 


Soon: time ago the writer 


Here ts an article which excites 
the imagination, for who would 
fail to conceive of radical possi- 
bilities in a practical means for 
transmitting sound by means of 
light waves, especially when the 


feat has been accomplished as an 
extension to broadcast transmis- 
sion by radio waves? The light 
radiator is a mercury-arc quartz 
tube and the detector a photo- 
electric cell—EDITOR 


quality. The distance over which 
transmission was possible de- 
pended upon the extent to which 
the radiation was concentrated by 
mirrors or lenses; but this was a 
phase which received very little 
attention. 

It is not the purpose of the 
remainder of this article to con- 
sider the practical uses to which 
such an idea can be put, however 
interesting that may be, but 
rather to examine the arc to deter- 
mine how, and to what extent, the 
radiation is affected when an 
audio-frequency current is superimposed on the 
direct-current input. 

It is known that the audio-frequency currents 
produce high-frequency variations in the radiation 
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Fig. 1. Diagram of Connections Showing one Method of Super- 
imposing High-frequency Current on the Direct Current 
of a Mercury Arc 


intensity, for it is through these flickers that the 
transmission of sound is made possible. The first 
question to arise is therefore: What is the magnitude of 
the intensity change produced by a given change in 
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current? The second is: Does a straight-line relation- 
ship hold between current change and intensity 
change? The third is: Under which arc-operating 
conditions does a high-frequency current produce the 
greatest response? Ordinary radiometric equipment 
has too long a period to permit a direct study of the 
problem, although a photoelectric cell in conjunction 
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Intensity-voltage Curves for a Small Mercury Arc 
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Fig. 3. Curves Showing the Variation in Modulation and Intensity 


with Arc Current at a Constant Potential of 100 Volts. 
(Small arc) 


with a good oscillograph might be made to throw 
some light on these questions. 

The absence of appreciable lag between current 
change and intensity change having already been 
demonstrated (for were there a lag, undistorted signal 
transmission would have been impossible) it appears 
reasonable to assume that a radiometric study of 
stationary rather than transient characteristics will 
serve. It is necessary only to measure the intensity of 
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the radiation at a number of currents at constant arc 
voltage, draw a curve and read off the intensity 
increments corresponding to standard current incre- 
ments at a number of mean current values. The 
ratio of the intensity increment, A ¢, to the mean 
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Fig. 4. Curves Showing the Variation in Modulation and Intensity 


with Arc Current at a Constant Potential of 120 Volts. 
(Small arc) 
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Fig. 5. Curves Showing the Variation in Modulation and Intensity 
with Arc Current at a Constant Potential of 120 Volts. 
(Large Arc) 


intensity, ¢, 1s taken as the modulation, M. By 
repeating the procedure for several values of arc 
voltage, all the necessary data for answering the 
questions may be obtained. 

It may not be amiss at this point to explain why 
current changes at constant voltage are a subject for 
consideration. In general, the arc voltage is deter- 
mined largely by the mean free path of the electrons 
within the arc. The mean free path, depending as it 
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does upon vapor pressure, is regulated by the 
temperature. Since the arc tube and mercury possess a 
considerable temperature lag due to their high heat 
capacities, a small sudden change in applied voltage, 
i.e., line voltage, produces a corresponding change in 
current which automatically compensates for the 
voltage change by increasing or decreasing the resis- 
tance drop in the external circuit. The arc voltage 
change is almost nil unless the temperature has time 
to change appreciably, which it has not in the case 
under consideration. 

Several special vertical mercury arcs were studied 
radiometrically by means of a 25-element copper- 
constantan thermopile and Leeds and Northrup 
high-sensitivity galvanometer. This combination was 
far more sensitive than necessary for most of the 
work, so that the galvanometer had to be shunted by a 
variable resistance in order to obtain readable deflec- 
tions. The thermopile, covered by a window of clear 
natural quartz, was placed at a distance of one meter 
from the arc, and the deflections were noted for each 
of a number of'arc voltages at constant current. The 
procedure was repeated for several values of currents, 
and curves similar to the ones presented in Fig. 2 
were drawn. From these curves, new ones of inten- 
sity, ø, against current, at constant arc voltages were 
drawn. It would have been possible to obtain data 
for the latter directly, but the indicated procedure 
was followed for experimental reasons; either method 
leads to the same end. 

Although the photoelectric cell does not respond to 
the entire band of frequencies included in these 
measurements, the similarity between the intensity- 
current curves for the individual lines is such as to 
make safe an application of this kind where precision 
is not required. The calculated values of the intensity 
increments, Ag, and of the modulation, M, were 
plotted on the same sheets with the intensity curves 
for convenience. Figs 3 and 4 were obtained with a 
small arc of 34-1n. inside diameter, whereas Fig. 5 was 
obtained with a larger one normally drawing much 
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heavier currents. In all cases the standard current 
increment was 0.1 amp., the reason for the selection 
being that this was the order of magnitude of the 
high-frequency current used in the signal transmis- 
sion experiments mentioned. It might have been any 
other convenient small value equally well. 

Examination of a number of sets of data for differ- 
ent arcs and different arc voltages reveals the fact 
that the modulation produced by a 10 per cent vari- 
ation in current is about 15 per cent and apparently 
nearly independent of mean current, arc voltage, 
and tube diameter, except at low voltages and currents 
where it may drop to 10 per cent or less. 

For small variations in current a straight-line 
relationship is seen to exist between intensity, ø, 
and current, a fact which might have been predicted 
from the signal transmission experiments, for under 
no conditions was there evidence of sound distortion 
from over-loading the arc. 

The greatest response is seen in Figs. 3 and 4 to 
occur with the arc operated at the higher voltages. 
This is true in general, and is to be expected in view 
of the increased energy input at high voltages. It is 
also somewhat greater the higher the current, which 
appears to be evidence supporting claims recently 
made elsewhere,“ that the efficiency of a mercury 
arc increases with increasing current density. 

One question remains to be asked and answered. 
What is the upper limiting frequency to which the arc 
will respond’ Can a quantum process such as this 
respond to a change which occurs in a period of time 
less than the duration of an excited atom? It is 
hoped that sufficient data can be obtained to present 
an article on this subject in the near future. 

In conclusion, acknowledgment is made to the 
Cooper Hewitt Electric Company for lending the 
arcs which were studied, and to Professors C. E. 
Lansil and C. E. Tucker, Mr. A. L. M. Dingee and 
Mr. A. F. Morash of M. I. T. for their assistance in 
carrying out the investigat:on. 


(Jour. Opt. Soc. Am., April, 1927. 


Joints Sealed Against Oil Leaks by New Paint 


A paint that effectively seals joints against oil 
leaks, and also prevents leakage of water and gas, 
has been produced for the many purposes for which 
red or white lead, shellac, and a mixture of litharge 
and glycerine have been used. 

The new material, which is dark red in color, 
requires no priming and can be apphied by brushing or 
dipping. Denatured alcohol is used as a thinner. It 
dries rapidly and produces a hard, smooth, glossy film 
which is easily cleaned and which prevents excessive 
collection of dirt and conducting matertal, thereby 
decreasing surface leakage and subsequent carboniza- 
tion of the surface when used with electrical apparatus. 


One of the first fields in which the paint has been 
applied is in the manufacture of fuel oil burners, in 
which one company is now using the material 
to seal all joints. Other fields in which there will 
be applications for the paint include plumbing, 
chemical plants, repair and service shops, packing 
houses, ship yards, central stations, electric rail- 
ways, mines, and the manufacture of oil tanks, 
oil-burning locomotives and similar equipment. 
This sealing compound was developed in the 
Research Laboratory of the General Electric Com- 
pany and has been designated G-E No. 880 Red 
Protective Paint. 


264 May, 1927 


GENERAL ELECTRIC REVIEW 


Vol. 30, No. 5 


The Technique of Examining Metals 
Under the Microscope 


PART IV 
THE METALLURGICAL MICROSCOPE 


By GUSTAV PIRK 


Research Laboratory, General Electric Company 


N order to use the microscope 

to the best advantage it is 

” essential that we consider 
the properties of the parts which 
constitute the compound micro- 
scope. In the case of the metal- 
lurgical microscope these are the 
objective, ocular and vertical 
illuminator respectively. Of these 
the objective is the most impor- 
tant and will be discussed in some 
detail. Figs. 29 and 30 show two 
common types of metallurgical 
microscopes. The attachments of the universal micro- 
scope shown in Fig. 31 adapt it to metallurgical 
examinations. Fig. 32 shows the arrangement of the 
microscope proper in the apparatus shown in Fig. 29. 


1927, 


Numerical Aperture 

If light coming from a point P in the object pass 
through the objective, Fig. 33, then sin u is a measure 
of the number of rays which enter the system. This 
simple expression, however, is not sufficient for the 
microscope. In Fig. 33(a), the rays from the point P 
enter the lens without having their direction altered. 
If the rays on their way to the entrance pupil pass 
through a medium of a refractive index which is 
different from that of air, then refraction occurs. 


The Martens-Zeiss Metallurgical Microscope. 
When photo-micrographs are to be taken the camera 
is located at right angles adjacent the left-hand end 


Fig. 29. 


In the previous article of this 
series, which appeared in March, 
the author discussed the 


principles of optics bearing on 
photo-micrography and micro- 


scopy. In this article he con- 
tinues the discussion with refer- 
ence to certain definite types of 
photo-micrographic apparatus. 
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Fig. 30. 


One-half the angular deviation of 
the ray in the new medium is 
designated asr. The relation be- 
tween sin u and sin r is easily 
determined from the law of refrac- 
tion and is given by equation (15). 


nals mes =a=constant k (15) 
Sinu M, 

From this it is easily seen that 
n, sin r =n, sin u. The expression 
sin 4 n is constant and is a meas- 
ure of the number of rays ina 
beam of light regardless of the medium in which 
the light travels. As the index of refraction be- 
comes smaller, the angular separation of the beam 
grows smaller and vica versa. In the case of the 
microscope, the condition shown in Fig. 33(b) 
occurs ‘quite frequently so that in place of the 
simple expression sin u, Abbé introduced the expres- 
sion n sin u and called it the “numerical aperture,” 
N.A. We shall see later that this expression has an- 
other meaning. Expressed in words the N.A. is the 
product of the sin of one half the angle of maximum 
deviation of the beam which enters the objective 
and the refractive index n. The refractive index of 
air is 1 and the sin of 90 deg. is also 1; obviously it is 
impossible to have a N.A. of 1 witha dry system. The 
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The Leitz Micro-Metallograph Equipped with Camera 
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sin of 90 deg. can not be altered but the refractive scattering of the light, so that more rays enter the 
index of the medium in front of the lens can be in- front lens, and the entering beam contains more 
creased and the N.A. increased. This prevents rays. Objectives which are used with a medium of 
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Fig. 31. The Leitz Universal Microscope and Auxiliary Equipment 
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Fig. 32. Arrangement of Microscope Parts of the Equipment Shown in Fig. 29 
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refractive index greater than 1 
are called immersion objectives. 
The commonest substances used 
are water, oil and monobromo- 
napthaline for visible light and 
glycerine for ultra violet light. 
Cedar oil is almost entirely used 
for the oil immersion objectives. 


Effect of Object Structure on Light 
Waves 


The objects which are exam- 
ined under the microscope are 
composed of many fine details 
or structural elements. When 


(a) 


Lens 


Fig. 33. Effect of Media of Different 
Refractive Indices on Light 
Entering a Lens 


light falls upon such a struc- 
ture diffraction occurs. This 
phenomenon cannot be entirely 
explained by geometrical optics 
so recourse must be taken to 
the wave theory. 

If a beam of light pass through 
a narrow slit or fall upon a series 
of slits closely placed, as in a 
diffraction grating, the emergent 
beam will be spread out fan- 
shaped. A portion of the light 
which passes through the slot 
is eliminated and a dark space or 
line appears. This is caused by 
the interference of light waves. 
When light waves interfere, we 
mean that the crest or “high 
spot” of one wave comes at the 
valley or ‘‘low spot” of another 
wave. The waves are out of 


| phase and neutralize each other, 


thus producing the dark lines 
in the diffraction spectrum. 
Adjoining each dark line a bright 
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line will be observed. This is produced by light 
waves which are in phase so that the crest of one 
wave coincides with the crest of another wave. 
These waves thus re-enforce each other and the 
bright line results. For light waves to interfere and 
eliminate each other it 1s obvious that they must 
be out of phase by one-half wavelength. The bright 
lines are called “diffraction maxima” or simply 
maxima, and the dark lines “minima.” As we shall 
learn later in the discussion the angle which the first 
maxima makes with that part of the incident ray 
which emerges undeviated, the principal maximum, 
is of special interest for the true reproduction of a 
microscopic image. The angular separation of the 
lines is given by Fraunhofer's formula 


Xo 
sin u = — 
nd 


ho is the wavelength of the light employed; n the 
index of refraction of the medium in which the 
phenomenon is taking place, and d is the grating 
constant or the separation of two homologous struc- 
ture elements of the grating. From a consideration 
of the Fraunhofer equation it becomes evident that 
the angle of diffraction becomes less with an increase 
in the refractive index of the medium in which 
diffraction occurs. If light be permitted to pass through 
medii of varying refractive indices, it will retain its 
color; that is, its frequency, but the wavelength will 
be altered, it being shorter in the denser optical 
medium, that is in one of greater refractive index. 
With light of one wavelength the resolving power, 
which is the ability of the lens to make clear the 
fine structural details of the image, may be increased 
by increasing the index of refraction between object 
and lens, since the wavelength 1s decreased and more 
maxima are included. With a medium of a given 
refractive index, the resolving power may be in- 
creased by decreasing the wavelength. We thus possess 
a means of increasing or decreasing the number of 
maxima and their angular separation, if the values of 
ho and n be altered within certain limits. do for 
visual examination must not be shorter than 0.0003968 
mm. (1 mm.=0.03937 inch). Professor Abbé utilized 
the Fraunhofer equation in explaining the image 
- formation in the microscope. He pointed out that the 
detail of the object can only be truly reproduced in the 
image when two consecutive maxima are conveyed 
to the image. According to the Fraunhofer equation, 
we get as the smallest detail which can be resolved 


de 
nsinu N.A. 
The resolving power can be increased up to twice 


its value by employing oblique illumination instead 
of vertical illumination. Then the equation reads 


Ao 
2N.A. 


(18) 


d= 
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It has been said that at least two maxima must 
be taken up by the optical system in order to repro- 


_ duce a true image of the object. A little reflection will 


show that any two maxima which have the same 
angular separation will produce images which are 
alike although the structures which produced them 
are unlike. Abbé proved that this is actually the case 
by using two diffraction gratings, one of which had 
lines which were separated from each other by a 
distance d and another which was twice as fine 


d : E 
or z The grating with the constant d gave the 
diffraction pattern shown in Fig. 34 (A), and that with 

l dos. ans 
the grating constant 5 in Fig. 34 (B). In Fig. 34 (B) 


the maxima have twice the angular separation as in 
Fig. 34 (A). If in Fig. 34 (A) the first maximum on 
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Fig. 3%. Sketch Illustrating Diffraction Maxima 


either side of the principal maximum be eliminated 
then the diffraction patterns will be identical and the 
resulting images alike, although they were produced 
by unlike structures. Thus it is seen that in order 
to produce a perfect image all the maxima must be 
included. The more maxima included in the image, 
the truer a reproduction we obtain. 

In the preceding paragraphs the complex nature 
of white light was discussed. When white light falls 
upon an object it is diffracted and decomposed 
into its component parts. Each color forms a maxi- 
mum in the rear focal plane of the objective. 
All the red and blue rays, etc., although they are 
produced by different points in the object, are 
parallel, and after being refracted when passing 
through the lens, unite in a definite point. Since 
the blue rays have a smaller angle of refraction 
than the red rays, the maxima produced by blue 
light lie near the optical axis of the microscope and 
the red away from it. All these maxima send 
rays to every point in the image. If the lens is 
not corrected for these chromatic defects, the images 
produced by the various colors will overlap and the 
resulting picture will be foggy and fuzzy. This also 
accounts for the fact that the microscopic image has 
a red fringe at its outer edge and blue toward the 
center, while the center is usually sharply defined 
even with poor lenses. 
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Limits of Resolving Power 
In the following discussion, n sin u is called the 
numerical aperture or N.A. The smallest detail in 


the object which can be resolved is d= under 


A 
N.A. 


vertical illumination and a E ñ for oblique illu- 


mination. From these equations it is evident that for a 
given wavelength the magnitude of d is solely depend- 
ent upon the size of the N.A. For every N.A. there 
is a limit of resolving power which may be reached. 
It is important to note that the limit of the resolving 
power is exhausted when it has resolved points in 
the object of the size d. 

The normal human eye can only see those struc- 
tural elements comfortably which are separated by 
an angle of at least 2 to 4 minutes. From the equation 


and the formula 


A 
2 NA. 


/ 


for the resolving power d= 


for the magnification m= it is possible to cal- 


culate the highest serviceable magnification which 
may be employed. For the magnification at 2 minutes, 


WEBS! 2 NA. tan 2’ 
my = ————__—_—_— (19) 
A 
and for m at 4 minutes 
2 NA. tan 4’ 
My = ——— ~~~ 
A 
The equation which gives the total magnification is 
M=ml (20) 


where l is the distance at which the eye can com- 
fortably see a small object and is 25 cm. Then for 
2 minutes M equals 
2 N.A. 1 tan 2’ 
LEE aaa (21) 
and for 4 minutes 
2 NA. 1 tan 4’ 
Mis e (22) 
A 
For examination with daylight, the wavelength A 
may be taken as A=0.55 u. The values which are 
indicative of the limits of resolving power and useful 
magnification are shown in Table II. 


TABLE Il 
N.A. =n sin u d in 1/1000 mm. Mu My 
0.10 2.75 53 106 
0.30 0.92 159 317 
0.60 0.46 317 635 
0.90 0.31 476 952 
1.20 0.23 635 1270 
1.40 0.19 741 1481 


It is useless when examining the image at 25 cm. 
to push the magnification to a higher limit than is 
actually needed by the case in hand. Any higher 


magnification will be no richer in detail and will 
reveal no new structural details which are actually 
in the object. It has been shown that it is perfectly 
possible and theoretically correct to have two iden- 
tical images which have originated from two structur- 
ally different object points. 

Magnifications of the order of 30,000 and 40,000 
diameters do not mean anything when the principles 
of resolving power are considered. At these high 
magnifications the constituents which were resolved 
by the lens are merely magnified and nothing new 


is added. Furthermore, the eye cannot clearly distin- 


guish objects which are separated by an angle of less 
than two minutes. Such high magnification is merely 
“empty magnification.” If the matter of examining 
photomicrographs conveniently be under discussion, 
then the most logical method to attain that end is to 
magnify the photomicrograph. Again nothing in the 
way of new detail is added since the ordinary photo- 
graphic object which has a small N.A. cannot reveal 
any structure which the microscope objective failed 
to show. Structures observed at magnifications higher 
than those listed in Table II are untrustworthy. 
There is a tendency to push the magnifications used 
in industrial laboratories up to 750 and 1000 diameters. 
This appears to be a rather ill-founded practice to 
the author since the conditions under which the 
metallographer must work are made very much 
more severe, also the auxihary apparatus which is 
required to absorb vibrations, which become very 
alarming when high power work is being done, is 
very expensive to construct and keep in good 
working order. The most important point, however, 
is that all that is usually needed to be seen for routine 
laboratory inspection can usually be seen at magnifi- 
cations of 100 to 600 diameters. 


Achromats and Apochromats 

Chromatic correction of a lens signifies that it has 
been so constructed that the angular separation of 
two or more colors is the same. In other words, light 
of different colors is brought to a common focus. 
In the achromatic objectives light of two colors, 
yellow and blue, has been united and the correction 
for spherical aberration carried through for one color, 
yellow. This means that the lens gives a sharp image 
with one wavelength of light only, and that any 
other wavelength used necessitates a further cor- 
rection. In the achromats the lens is corrected for 
the color which appears most brilliant to the eye. 
This difference of sharpness of image with varying 
wavelength of light has been designated by Abbé as 
the chromatic difference of spherical aberration. If 
light of two colors be brought to a common focus 
and then if the spherical aberration be carried through 
for an intermediate color, then the correction for 
spherical aberration for the colors for which the 
lens has been chromatically corrected is not fully 
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realized. With the achromats the magnification is 
also larger with blue light than with red light. 

The so-called apochromats represent a decided 
advance toward producing a clear image under vary- 
ing conditions. Their advantages are: (1) three colors 
are united and brought to a common focal point, 
thus eliminating the so-called secondary spectrum, 
and (2) the correction for spherical aberration has 
been carried out for two colors, yellow and blue, 
instead of one as in the achromats. The achromats 
give a clear image only with light of one color, all 
others producing fogged images with color fringes 
at the edges. The apochromats on the other hand 
produce images of nearly like clearness for all colors 
of the spectrum. In lenses other than the apochromats 
the color correction was only carried through for 
one zone of the objective so that the image was hazy 
in the center and the edges were very fuzzy, while in 
apochromats the chromatic correction 1s equally good 
for all zones. In the achromats the zone of complete 
chromatic correction has only two colors united in 
one point. For these two colors the images will coin- 
cide; for all others they will overlap. In the apochro- 
mats, however, three colors are united in one point 
and the limits of focus difference 1s decreased 7 to 
10 times; that is, practically eliminated. 

The apochromats have very decided practical ad- 
vantages: (1) a more general application than the 
achromats, (2) the picture is sharply in focus to 
almost the extreme outer edge, only a very small 
portion being slightly fuzzy and out of focus. The 
large aperture and the short working distance 
between object and lens make it impossible to elimin- 
ate the curvature of field completely. The outer 
portion can be brought into focus by using the fine 
focussing or micrometer screw. On account of their 
excellent chromatic and spherical aberration correc- 
tions the apochromats can be used with oculars of 
high magnification (15 x to 20 x) without appreciably 
impairing the sharpness or decreasing the intensity 
of illumination of the image. 

The spherical correction of the optical system of 
the microscope is carried out for only one optical 
tube length. Points which lie nearer or farther from 
the objective than its focal distance will not be 
brought into the image. Their reproduction is accom- 
panied with severe spherical aberration. For this 
reason the tube length specified by the maker of the 
instrument must be rigidly adhered to. Increasing the 
tube length will increase the magnification but will 
destroy the corrections for the aberrations, thus 
producing a “fuzzy image.” 


Oculars or Eyepieces 

Oculars are used for viewing the real images pro- 
duced by the microscope objective and magnifying 
them so that the eye can comfortably examine the 
image. The properties of oculars are closely related 
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to the optical properties of the eye. The oculars do 
not require the high correction given objectives, 
since in vision (1) the eye examines only a small 
part of the field at once, (2) there is considerable 
visual accommodation, (3) the retina of the eye is 
sensitive only to a few wavelengths in the yellow 
green, and (4) the resolving power of the retina and 
eye are limited. 

The two types of oculars most commonly used are 
the Huvghens and the Ramsden. 


The Huyghens Ocular 

The Huyghens ocular consists of two plano-convex 
lenses with their curved surfaces facing the lens. 
They are separated by a distance equal to one-half 
of the sum of their focal lengths in order that the 
conditions for axial achromatism will be satisfied. 
The field lens usually has a focal length three times 
that of the eye lens, but a lower ratio is used for low 
magnification. This type of ocular forms an image 
at the visual distance (25 cm. to ~) from the eye 
when the image produced by the objective falls 
between the field lens and the eye lens, hence 
it can not be comfortably used with an ocular 
micrometer. 

The oculars are named arbitrarily. The catalogue 
of the maker should be consulted for magnifications, 
etc. If these oculars were used with lenses other than 
the achromats, color fringes would be found at the 
edge of the field, since light of varying wavelengths pro- 
duces images of slightly different size thus producing 
overlapping of the images. For this reason the so- 
called compensating eyepieces are employed with 
the apochromats. These are over corrected in the 
opposite sense. 

The oculars have a range of magnifying power from 
2 x to 24 x. The 12 x ocular is usually used. Higher 
powers add nothing to the image in the way of new 
details. They merely increase the size of the con- 
stituent parts, and decrease the size of field and its 
intensity of illumination. 


The Ramsden Ocular 

The Ramsden ocular consists of two separated 
plano-convex lenses with their convex sides facing 
each other. The two lenses are of equal focal length, 
and to satisfy the condition of achromatism they 
must be separated by a distance equal to this focal 
length. Separation by this amount, however, would 
give the undesirable condition of having the eye lens 
in the focus of the field lens, thus making small 
particles of dust on the field lens in focus with the 
image, therefore they are separated by a distance 
slightly shorter than this focal length. To correct 
for the resulting chromatic differences the lenses are 
made compound. Ramsden oculars may be con- 
veniently used with an ocular micrometer since the 
image point is in front of the field lens. 
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Designation of Ocular and Objective 

Objectives are designated by their equivalent focal 
distance in mm., the longer the focal length the lower 
the magnification. The range of focal lengths for 
dry systems is from 32 mm. to 4 mm. A lens with a 
focal distance which is less than 4 mm., say 3 or 2 
mm., is an immersion objective and is used with 
cedar oil. The N.A. of the lower power objectives 
ranges from about 0.10 to 0.90 while that of the 
immersion objectives is from 1.2 to 1.4. A lens with a 
N.A. of 1.6 is constructed for examining biological 
preparations. Monobromonapthaline must be em- 
ployed with this lens, the preparation to be examined 
being suspended in the compound. This combination 
is little used, however, because of its deleterious 
effects on the structure of the preparation. 

Since the resolving power increases with the N.A., 
lenses with high N.A. are employed for making 
visible the finer details of an object. 

Oculars are designated by their magnification, thus 
8 x, 10 x, 20 x, ete. | 


Eye Lense 
—=>- 


Vertical 
lUuminator 


Condenser 


Arc Coltimotor 


Objective 


Specimen 
Fig. 35. System of Illumination Used in the Microscope 
Shown in Fig. 29 


Illumination 

Since even the thinnest possible sections of metals 
are opaque it is necessary to examine metallic sections 
by means of reflected light. Several methods are 
employed to attain this end. The light may strike 
the object directly and at an angle, the specimen 
reflecting the light through the microscope tube to 
the eye. This latter method is known as oblique 
1llumination. i 

In vertical illumination a thin piece of plane glass 
or a totally reflecting prism is placed directly inside of 
the microscope tube behind the objective at an angle 
of 45 deg. to the beam of light and the optical axis. 

Still another method, known as conical or epiphrag- 
matic illumination, is used. In this system an opaque 
disk, called an epiphragm, blocks out the central 
portion of the beam of light. 


Illuminants 

The most commonly used illuminants in metallo- 
graphy are the Nernst lamp and the 6-volt concen- 
trated filament Mazda lamp for visual examination, 
and the calcium or arc light for photo-micrography. 
The arc light has almost entirely replaced the calcium 
light. The arc light may be either hand regulated 
or of the automatic type, the 5-ampere arc sufficing 
for most purposes. Occasionally a 30-ampere arc is 
used if the microscope is located where there is 


269 


excessive vibration, in order to decrease the time of 
exposure necessary. The electric arc has the advantage 
over the calcium light in that even with the 5-ampere 
arc the time of exposure is markedly decreased. 
Mercury vapor lamps have also been tried, but 
have not been very successful since it is rather 
difficult to construct a compact unit. The mercury 
vapor lamp is otherwise an admirable source of 


illumination, since it produces monochromatic light. 


Vertical Illumination 

The arrangement of the optical system as used in 
the Martens-Zeiss microscope is shown in Fig. 35. 
The source of light is an arc lamp. The light after 
passing through the collimator lens proceeds to the 
condensing lens as a beam of parallel rays. The 
condensing lens converges the beam and brings it 
to a focus in the plane of the iris diaphragm 2. The 
set-up should be tested each time before using to 
insure getting uniform illumination. This is best 
accomplished by partially closing diaphragm 1. If the 
collimator is at the proper distance from the arc, 
the luminous crater of the positive carbon will be 
focused on the iris diaphragm 2. There will be a loss 
in illumination at 2 since much of the light is absorbed 
in passing through the lenses. The iris diaphragm 1 
is introduced to eliminate as many stray rays as is 
possible, and also those coming through the edge 
portions of the condensing lens. The diaphragm 1 
limits the size of the field of view since it is brought 
to a sharp focus on the specimen. The diaphragm 2 
controls the intensity of illumination, but does not 
affect the 'size of the field viewed. A glass jar filled 
with water is usually placed between the collimator 
and the condensing lens to absorb the heat radiated 
from the arc. 


The Vertical Illuminator 

Thus far we have discussed the illuminating system 
only to the point where the crater of the positive 
carbon was focused on the iris diaphragm 2. Next the 
function of the vertical illuminator will be discussed. 

The vertical illuminator is placed in the tube 
directly behind the objective. The two types of 
vertical illuminators are shown in Figs. 36 (a) and (b), 
the plane glass and the prism illuminators respectively. 


The Plane Glass Illuminator 

The plane glass illuminator functions as follows. 
The light source may be assumed to be a point of 
light inside the diaphragm (1). The light proceeds 
forward through the diaphragm (2) on to the vertical 
illuminator, which is inclined at an angle of 45 deg. to 
the optical axis and to the entering beam of light. 
Approximately 75 per cent of the light passes through 
the plane glass and on to the walls of microscope 
tube, only 25 per cent being actually reflected down 
on the sample. The portion reflected downward is 
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brought to a focus on the specimen by the objective, 
which here acts as a condensing lens. An image of 
diaphragm 1 is produced on the sample because it 
is at a distance from the vertical illuminator which 1s 
equal to the focal length of the objective. In other 
words the distance from diaphragm 1 to the illumi- 
nator is equal to the optical tube length. If this were 
not the case the diaphragm could not control the 
size of the “field of illumination.” All the points 
located within the “field of illumination” reflect 
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Two Types of Illuminator Either of Which are 
Used in the Microscope Shown in Fig. 29 


Fig. 36. 


light back to the eye as is shown by the dotted lines 
in Fig. 36. That portion of the sample which is 
visible to the eye is called the “field of vision.” 

The question may arise as to the need or even the 
value of diaphragm 2 since some well-known makes 
of microscopes do not have it. The diaphragm serves 
a two-fold purpose. First, it eliminates the light 
waves coming through the periphery of the lens, 
thus preventing haziness. Secondly, the diaphragm 
makes it possible to make the fields of vision and 
illumination concentric, thus giving a uniform illu- 
mination. This is best accomplished by closing down 
the diaphragm 1 and rotating the illuminator until 
the two fields coincide. 

The diaphragm 2 regulates the aperture of the 
incoming pencil of light and therefore controls the 
intensity of illumination. Diaphragm 1 should be 
closed down so that the field of illumination is just 
slightly greater than the field of vision. Diaphragm 2 
should be closed down as far as possible, the nature 
of the sample determining this. Closing diaphragm 
2 decreases the aperture of the illuminating pencil 
and therefore increases the focal depth of penetration. 


Focal Depth of Penetration 

Focal depth of penetration can best be explained 
by reference to Fig. 37. Suppose that pp, is the front 
focal plane of the objective. All points lying in this 
plane will be sharply reproduced in the image. Now, 
suppose that there is another point B which is 
slightly beyond the plane pps. If a beam with a large 
aperture be used like the one ABC then the point 
B will be quite “fuzzy” and spread over a distance 
represented by the distance between points 1 and 2 
on the front focal plane. This distance is the circle of 
confusion for a beam having that particular aperture. 
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If a beam with a smaller aperture, DBE is used, 
the point will be spread less. The amount of 
““fuzziness” is represented by the distance between 
the points 3 and 4 on the plane pp,. The circle of 
confusion is smaller and consequently the point B 
is approximately in better focus. The consequence 
which is of practical importance, when using a narrow 
cone of light, 1s that points lying slightly beneath 
the plane pp, would be reproduced better in the 
image, that 1s they would be less diffused. It is also 
clear that with a narrow cone of light a wider range 
of depths can be brought into focus, hence the name 
“depth of focus.” 

As the diaphragm 2 is closed the gain in contrast 
and focal depth of penetration does not increase 
unlimitedly, but at a certain point diffraction figures 
appear and lower the resolving power. Also, the 
intensity of illumination diminishes as the square of 
the diameter of the iris opening. Objectives with a 
large N.A. have a greater depth of “focal depth of 
penetration” than those with a smaller N.A. 


The Prism Illuminator 

The set-up using the prism illuminator is shown 
in Fig. 36 (b). Diaphragms 1 and 2 have the same 
function as before. The prism reflects all the light 
falling on it downward. Since it occupies only half 
of the tube the size of the beam of light can fill only 
half the opening of the objective at the most. With 
the prism illuminator only one-half of the aperture 
of the objective is used from left to right in Fig. 36 (b) 
since half of the light which is reflected back 
by the specimen goes outside the microscope tube 
and the remaining portion is reflected up to the eye. 
In the plane parallel to the dot and dash center line 
in Fig. 36 (b), the whole aperture is used. This can 
be demonstrated readily by drawing a circle and 
drawing in the vertical diameter. From top to bottom 
the whole aperture is represented by the diameter. 


C 


Pi 


Sketch Illustrating Focal Depth of Penetration 


Fig. 37. 


If the left-hand portion be shaded :in to represent 
the prism, then half of the aperture will be repre- 
sented by one-half of the horizontal diameter, or the 
radius. The prism divides the beam of light geometri- 
cally since half is reflected outside of the microscope. 
The plane glass illuminator acts quite differently in 
this respect. It splits up each individual ray so that 
part of it reaches the eye and the remaining portion 
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is deflected to the outside, but geometrically the 
beam of light is unchanged. Light which has been 
reflected on to the surface of the specimen is not 
vertical in the case of the prism illuminator, but is 


slightly inclined. Fig. 38 shows the construction of - 


the Zeiss prism illuminator. 


Plane Glass vs. Prism Illuminator 

The plane glass as well as the prism illuminator 
has its limitations. In order to obtain the most satis- 
factory results with either it is necessary to know 
something about their optical properties, other than 
that of reflection, which has just been considered. 

The plane glass illuminator should be quite thin. 
Best results are obtained with a thickness which lies 
between 0.17 and 0.20 mm. If the illuminator be 
much thicker than this the clearness of the image 
will suffer. The image loses its clearness, not 
because of anastigmatic distortion, but because there 
is more diffused light which causes the image to 
become hazy. The time of exposure is also less with 
a thin illuminator as there is less light lost by 
reflection. 

The plane glass illuminator is used mostly with the 
higher magnifications since it makes use of the full 
aperture of the objective. The entire field is illumi- 
nated with the plane glass while with the prism 
illuminator only half is illuminated. The prism illu- 
minator gives a higher specific intensity of illumina- 
tion, because a solid bundle of rays is projected on the 
sample and then reflected to the eye. The plane 
glass illuminator has a greater resolving power, since 
it uses the larger aplanatic cone. 


Fig. 38. One Type of Prism Illuminator 


The plane glass illuminator gives a slightly hazy 
picture with very low magnifications, while the prism 
illuminator gives a hazy image at the higher magni- 
fications. Therefore, the prism is used for low and 
medium power work, and the plane glass for higher 
power work. 
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Conical Illumination 

Vertical illumination is the most widely used 
method at the present time. There is, however, 
another system of illumination known as conical 
illumination which has the advantage over vertical 
illumination in that it presents objects in relief. 
Cementite, in the Perlitic structure of steel, if exam- 
ined at 500 or 1000 dia. appears as outlined areas of 
globules and plates, although actually it is standing 
in relief. Fig. 39 is a diagrammatic representation 
of conical illumination. 


Fig. 39. H. S. George’s Method of Conical Ulumination 


A: Light Source G: Ocular H: Specimen 


With vertical illumination objects are not shown in 
relief since the incident light falls on the specimen at 
an angle of almost 90 deg.; that is, the light which illu- 
minates the sample is to all intents and purposes 
parallel to the optical axis of the lens system. Since 
this light strikes the object at 90 deg. no shadows are 
cast and little shading is present. This condition, al- 
though unnatural, has been accepted as natural by 
most metallographers. The mental image which most 
metallurgists have of a certain structure is not 
actually the correct physical one which exists under 
the microscope. The process of observing and exam- 
ining structures has become a second nature or habit 
and frequently the microscopist is not actually 
aware of the fact that his mental picture does not 
coincide with what exists physically. 

Conical illumination seems to have much to 
recommend it, since it shows the various constituents 
in their exact physical condition. If they are de- 
pressed below the surface or stand in relief they will 
not appear as outlined structures, but as they actually 
exist on the specimen. 

Ordinary oblique illumination is suited to low 
power work only, or where the objective has a long 
working distance. The light which falls upon the 
surface of the sample is of such great obliquity that 
unnatural contrasts result. Such, however, is not the 
case with conical illumination. 

In an earlier part of this discussion it was mentioned 
that oblique illumination doubled the resolving 
power, the maximum increase being at 45 deg. Since 
conical illumination is a special type of oblique 
illumination it should improve the resolving power. 
Benedicks has shown that this is actually the case. 
A structure, when obliquely illuminated may show 
an image of lines for instance. If the object be rotated 
through an angle of 90 deg., so that the structure will 
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have a different position relative to the illuminating 
beam and the optical axis, the lines may disappear 
entirely, or may appear in another position. If they 
were parallel at first they may appear as crossing 
each other. Thus it is seen that although a structure 
may be resolved with oblique illumination, it does 
not follow that this structure is always a correct 
image of the object. In some cases the structure 
may be represented in the image as it actually exists 
and in other cases it may not, 2.e., a structure com- 
posed of a series of lines or dots may appear as such 
in the image, but the relation that these bear to each 
other may not be known. 


ZAS 
G nD 


Fig. 40. Sample of Alloy Steel Photographed Under Vertical 
Illumination (H. S. George) 


How much of this theory applies to conical illumina- 
tion is not known, but since conical illumination 
represents a decided advance in metallography it 
should be studied more in detail optically. Such 
points as resolving power, correctness of the image 
compared with the actual structure, effect of wave- 
length of the light used, etc., should be carefully 
investigated. 

Conical illumination is easily accomplished by 
placing in the path of the illuminating beam an 
opaque disk, called an epiphragm in optics, which 
will blot out the axial rays and permit the peripheral 
rays to pass through. An image of the epiphragm is 
formed on the back of the objective, thus producing 
a hollow cone of light which has its apex on the 
sample. Fig. 39 illustrates conical illumination dia- 
grammatically. 

It is better to place the disk slightly eccentric since 
this permits the light to come from one side. The 
size of the disks can also be varied. The larger the 
disk the more oblique the rays, and the smaller the 
disk the more nearly does the system approach that 
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used in vertical illumination. For each sample there 
is a size of disk which is most suitable and gives best 
results. Also, there is a particular eccentricity at 
which the opaque disk gives best results. This should 
be experimented with in each case, however, H. S. 
George has devised a very suitable method for rapidly 
and satisfactorily changing the disks and their 
eccentricity. Reference should be made to original 
articles for the details of operation. ? 

With conical illumination the direction from which 
the light strikes the sample should be known, other- 
wise one is apt to be deceived in interpreting an 
unknown structure. If the light comes from the left, 
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The Same Area as Shown in Fig. 40 Photographed Under 
Conical Illumination (H. S. George) 
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Fig. 41. 


the left side of elevations will be light and the right 
side dark, and conversely, the left side of depressions 
will be dark and the right side bright. 

Conical illumination should prove to be a most 
valuable tool to the metallographer, since it offers 
an excellent method for studying grain boundary 


- effect, non-metallic inclusions, slip bands in poly- 


crystalline metals and single crystals, etc. Fig. 40 is 
a specimen which was photographed under vertical 
illumination. Fig. 41 is the same area photographed 
under conical illumination. The direction of illumina- 
tion is indicated by arrows. 

Benedicks, © of Stockholm, Sweden, has ide an 
improvement on conical illumination by using a 
(Trans. A.S. ST, Vol; LV. No. 2, 1923, pages 140-161. 


(3)Benedicks, Carl A. F., The "Royal Technical College Metallurgical 
Club Journal, No. 3, Glasgow, 1926, page 7. 
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so-called sector epiphragm. This consists of a central 
epiphragm which screens out the axial light and a 
sector epiphragm which blocks out a portion of the 
peripheric light. As in the former case the center 
epiphragm is perpendicular to the beam of light and 
the optical axis. The sector, which consists in reality of 
six 60 deg. sectors, can be varied at will. This method 
has the advantage of making it possible to control 
the character of the illuminating beam more than 
with ordinary conical illumination. This is accom- 
plished first by varying the size of the central epi- 
phragm, and, secondly, by varying the angle of the 
sector epiphragm. This permits of more uniform 
illumination of the sample, and if the sector be 
rotated it becomes possible to illuminate the sample 
from any side. Fig. 42 is a diagrammatic representa- 
tion of Benedicks’ epiphragm. 


Oblique Illumination 

In oblique illumination the light strikes the sample 
at an angle, part of it being reflected up the micro- 
scope tube and part to the outside. This method is 


Epiphrogm 


Sector 


Fig. 42. Sketch of Benedick’s Sector Epiphragm 

the simplest since no special apparatus is needed, not 
even a lens. Sometimes a plane or concave mirror is 
used to concentrate the light on the sample. Fig. 43 isa 
diagrammatic representation of oblique illumination. 

Oblique illumination has its limitations, however. 
Since the light strikes the specimen at such great 
obliquity most of it is practically parallel to the 
surface of the sample and either passes on or is 
reflected outside of the microscope, only a small 
portion being reflected in the microscope. Since the 
proportion of reflected light 1s quite small the images 
are as a rule not bright enough to lend themselves 
to photography. 

Another disadvantage of oblique light is that it 
greatly exaggerates the contrasts and minute surface 
defects which become more vivid as the obliquity of 
the light increases. Bright surfaces which are per- 
pendicular to the optical axis appear black, since 
they reflect the light to the outside of the microscope 
tube, only those parts which are so situated that they 
reflect light up the microscope tube appear bright. 
The image is therefore reproduced in black and white. 
This method of illumination shows any relief effects 
very well. It is confined to low power work since with 
the high power objectives the working distance is 
very small. 
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An excellent method for photographing samples at 
low power has been devised by Foley,“ who used 
vertical illumination. A plane glass illuminator was 
placed over the samples at an angle of 45 deg. and the 
light projected on to this by a stereoptican projector. 
The sample was photographed by placing a camera 
directly over it. Fig. 44 illustrates this method which 
gives particularly good results. 
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Fig. 43. 


Diagrammatic Representation of Oblique Illumination 


The illuminator should be of optically flat glass 
free from undulations as otherwise a hazy image 
will be produced. The light should be bright and diffuse 
and for this purpose a ground glass is placed between 
the source of illumination and the illuminator. 


Critical Illumination 

In critical illumination an image of the light source. 
is focused on the specimen. A piece of ground or opal 
glass is sometimes placed in the path of the light 
source. With critical illumination it is rather difficult 
to get uniform illumination, since any slight variation 
of intensity on the source is reproduced on the sample. 
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Fig. 44. Vertical Illumination Devised by Foley for 
Low-power Work 


If an arc light be used the variations of light in- 
tensity on the positive crater will show as non- 
uniform illumination of the sample. Small carbons 
will obviate this difficulty to some extent, but not 
entirely. The contrasts also fall off very rapidly with 
this system of illumination, because there is no means 
provided for cutting out stray radiations, or for 
limiting the field of illumination. This detracts from 
the value of the image. 


(9F. B. Foley, Chem. and Met. Eng., 1919, Vol. 21, page 140. 


(To be continued) 
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A Third Extension of the Paulista 
Electrification 


ECAUSE of the successful operation which has 
attended each of the earlier extensions to the 
initially electrified section of the Paulista Rail- 

way in Brazil, plans have been completed for a further 
extension of electric operation during the present year, 
this time tothe end of the broad-gage line. The railroad 
began operating electrically in 1921 on the double- 
track section between Jundiahy and Campinas. In 


Located approximately 30 miles apart between the 
Jundiahy Terminal and Rincao, the end of the 
present broad-gage lines, there will be five substations 
containing equipment furnished by the International 
General Electric Company. The Louveira substation, 
which is installed on the original double-track electrified 
section, is of 4500-kw. capacity, while those at 
Reboucas and Cordeira which are also in service 


Fig. 1. 


Switching Locomotive in Service 


Fig. 2. 


1924 the electric zone was extended to Tatu, a distance 
of 30 miles; and in 1925-6 to Rio Claro, making a 
total of 83 miles. The present extension of 152 km. 
will increase the electrified section to 286 km. or 177 
miles, (P 

(1) For a complete description of the initially electrified section and its 
operation, see ‘Electrification of the Paulista Ry. Brazil, South America” 


by W. D. Bearce, July, 1921, and ''Cia Paulista de Estradas de Ferro” by 
Guy Bellows, May, 1924, in this magazine.—Eb. 


Exterior of the Reboucas Substation 


contain two units each of 1500-kw., as will the two 
substations that are to be installed. Other equipment 
supplied by the same company includes eight 3000- 
volt direct-current freight, and four passenger loco- 
motives, for the first section, and nine switching 
locomotives furnished for yard service in 1924-5; to 
which will be added three 145-ton passenger loco- 
motives now being built. 


THE NATURE OF COLD LIGHT 


Exceptional operating economies result from the 
use of electric locomotives in Brazil because of the high 
cost of fuel. Practically all coal is imported and is now 
selling for $15 to $20 a ton delivered to the locomotive 
tender. Oil is not readily available as an alternative, 
because no appreciable amount is being- produced 
in South America. Since 1910 the price of the wood 
used for fuel has advanced from approximately 90 cents 
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to $2.20 per cubic meter. Based on customary assump- 
tions, this cost of wood is equivalent to the rate of 
334 to 64% cents per kw.-hr. at the locomotive. 

As the substitute for fuel, there are large potential 
water powers in Brazil but as yet only a small per- 
centage has been developed. As the demand for power 
increases, however, it may be predicted that an ample 
supply will be available at reasonable rates. 
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The Nature of Cold Light 


By W. S. ANDREWS 
General Engineering Laboratory, General Electric Company 


Mr. Edison on the occasion of his eightieth 

birthday, the following, with its answer, 
indicates that the search for the sources of “cold 
light” has a practical bearing on the developments 
of the future. 

O. Do you look for any radical changes in the 
present system of manufacturing and distributing 
electricity ? 

A. Not unless we solve the problem of cold light. 

It is unfortunate in this regard that so many mis- 
conceptions have arisen concerning the nature of 
‘cold light” as distinguished from other forms of 
natural and artificial light, because the matter is so 
simple when stripped of the mystery that seems to 
surround it. 

What is “cold light?” In a critical sense it has no 
existence, for so-called ‘‘cold light” if intercepted 
and absorbed is converted into heat, but as the 
energy or mechanical equivalent of this light is very 
small, the heat thus produced is insignificant. 

We all know that white light can be split up by a 
prism into rays of many colors from red at one end 
of the spectrum to violet at the other end. Its me- 
chanical equivalent appears as a maximum at the 
red end and drops to a minimum at the violet end, 
so that its average value may probably exist in the 
yellow-green region, which is the color of the light 
produced by the firefly and the glow-worm; typical 
producers of “cold light.” 


Ar the multitude of questions asked of 


Why then is not all light “cold light?” For the 
reason that sunlight and almost all forms of artificial 
light are produced by the incandescence of solid mate- 
rials, and many octaves of invisible heat waves, which 
precede and accompany the single octave (nearly) of 
visible light waves, are superposed on the latter. It is 
this unavoidable total of invisible heat waves and 
visible light waves mixed together that is known by the 
common term of light. It is evident that light cannot 
be produced in this way without being accompanied 
by heat, the development of which generally consumes 
98 or 99 per cent of the total radiant energy. 

When light is produced by means other than 
incandescence, as in the case of the firefly for example, 
it is not thus accompanied by the undesirable heat 
waves. It is therefore termed “cold light” and it is, 
in fact, practically cold, as compared with other 
forms of light in general use. 

A saturated solution of alum in water is fairly 
transparent to visible light, but opaque to heat rays. 
Therefore, if sunlight, or artificial light produced by 
incandescence, is filtered through a glass cell filled 
with this solution, the heat will be arrested and 
absorbed, and only “cold light” transmitted. 

There is no mystery about this: “cold light” is just 
plain visible light by itself, without any admixture of 
unnecessary and undesirable heat rays. The mystery 
only exists in the question of how to produce it 
artificially in an economical way, and of sufficient 
intensity to be commercially useful. 
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The Annealing of Copper 


Changes in Grain Structure—Recrystallization Temperature—Proper Conditions for Annealing 
Furnaces—Example of Energy Requirements 


By N. R. STANSEL 


Industrial Engineering Department, General Electric Compan y 


ETALS are crystalline in 
M structure except when 

molten. Their crystals, 
more commonly called “grains,” 
normally have diameters equal in 
all directions, t.e., they are equi- 
axed. If the shape of a piece of 
metal is changed by the applica- 
tion of pressure while the metal is 
cold (1.e. at room temperature), 
the grains undergo a similar 
change in shape. Thus. if the 
metal is drawn out into a wire 
the grains are elongated. 

The result of such distortion 
is an increase in the hardness of the metal; a prop- 
erty termed “strain hardness.” A strained metal 
and a hardened metal are synonymous terms in 
expressing the condition of a metal that has been 
permanently deformed by working while cold. 

Upon heating a metal that has been distorted by 
cold working no marked change in the grain structure 
appears until a certain temperature is reached. At 
that temperature grain growth takes place, the 
distorted grain structure being replaced by new 
grains which are approximately equiaxial in shape. 
With this change in grain structure the hardness effect 
which was produced by cold working disappears and 
the tensile strength 1s decreased. While the changes 
within the metal are continuous as heating proceeds, 
curves of the relation between the foregoing physical 
properties and temperature show abrupt changes 
within a certain small temperature range and a 
gradual change below and above that range. 

The grain structure change 1s termed “recrystalliza- 
tion” and the temperature at which it takes place 
“the recrystallization temperature.” This temperature 
varies with different metals, and for each metal it 
varies with different amounts of cold working. It is 
lower the greater the amount of distortion, also it is 
lower the purer the metal and the smaller the grains 
before cold working. The approximate recrystalliza- 
tion temperatures of the more common non-ferrous 
metals after severe cold working are given in Table I. 
Metals worked belowthe recrystallization temperature 
are termed “cold worked,” and above that temperature 


structure that 


“hot worked.” The process of heating a metal to soften 


it after cold working is included in the general heat 
treatment term “anncaling.” 


The working of copper into 
commercial shapes by rolling or 
drawing so changes its internal 
the product no 
longer possesses the physical char- 
acteristics suitable for a number 


of purposes. The desired charac- 
teristics can be recovercd however 
by proper annealing. Instructive 
information and useful data con- 
cerning the process are contained 
in this article.—EDITOR 


Thus while zinc, lead, and tin 
are hardened by cold working (at 
room temperature) annealing 
follows more or less quickly and 
permanent hardness is not ob- 
tained. 

The effect of cold working on 
the tensile strength and the elon- 
gation of copper is shown in 
Fig. 1. The elongated grain struc- 
ture in that metal due to cold 
working is illustrated in Fig. 3. 

The curves in Fig. 2 show the 
changes in the properties of 
copper (at room temperature) 
brought about by annealing at various temperatures. 
A photomicrograph of the crystal or grain structure 
of annealed copper is shown in Fig. 4. 

It will be noted from Fig. 2 that the range of 
temperature for annealing copper is narrow. Th? 
exact location of this range on the temperature scale 
for any particular lot of copper is fixed by its re- 
crystallization temperature, and therefore depends 
upon the previous treatment, cold working, and 
annealing which the metal has undergone. For 
annealing, the temperature of the copper must be 
carried above the temperature of recrystallization 
but it is important to avoid materially exceeding that 
temperature, otherwise the quality of the copper is 
impaired and in addition there is a waste of heat. 
The time of exposure to heat 1s also a factor 1n anneal- 
ing copper. Thus a temperature which would produce 
no sign of annealing within a few minutes would 
accomplish the purpose if continued for hours. The 
recrystallization temperature is critical in that 
only a few degrees below that temperature the time 
required for annealing is prolonged to an indefinite 


extent. 
TABLE 1 


Approximate Lowest 


Metal Recrystallization Temperature 
NICKEL: raran 8 Sacra rg ead dob bs eae 1110 deg. F. 
Aluminum... aa anes 600 deg. F. 
Copper.... carta 890 deg. F.: 
O Oued Room temperature 
Lead Below room temperature 
Ae EEEE SES war woe al Below room temperature 


In nearly all cases it is important that the surface 
of the annealed copper be free from any trace of 
oxidization. This requires that the atmosphere of the 
heating chamber be free from air (oxygen). Another 


THE ANNEALING OF COPPER 


requirement is that there be no embrittlement of 
the metal. 
amount of oxygen, usually about one-half of one 
per cent as CuO, purposedly left in the metal to 
improve its ductility and mechanical strength. If the 
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atmosphere of the heating chamber is reducing, such 
as would be the case with hydrogen present, the 
Cu.0 is reduced and the copper is made brittle. 
Ordinarily this effect is not produced until a fairly 
high temperature is reached, about 950 deg. F. Due to 


Commercial copper contains a small 
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the temperature gradient in the heating chamber, 
this temperature however is low enough to introduce 
risk of brittleness unless the atmosphere of the 
heating chamber is entirely neutral. 


Fig. 3. Microstructure of Cold Worked Copper 


(Magnification, 100 Diameters) 


Fig. 4. Microstructure of Annealed Copper 


(Magnification, 100 Diameters) 


Fig. 5. Microstructure of Copper Annealed at a High 
Temperature in an Atmosphere of Hydrogen 
(Magnification, 200 Diameters) 


An example of the embrittlement of copper caused 
by annealing at a high temperature in an atmosphere 
of hydrogen is shown in Fig. 5. The black lines in this 
photomicrograph are intergrannular cracks. Hydrogen 
is very penetrating and combines with the CuO in 
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the copper to form steam which cracks the structure 
of the metal. While this is an exaggerated example, it 
illustrates what takes place when the atmosphere 
of the heating chamber is reducing to any appreciable 
extent. 

The quality of annealed copper is determined by 
the degree of annealing and by the uniformity of the 
properties of the product. Differences in the quality 
of annealed copper are shown in Fig. 6. The plotted 
points represent 24 samples of annealed copper wire 
taken at random from two lots of wire obtained in the 
open market. The upper solid dots indicate the greater 
and more uniform elongation of 12 samples which 
had been annealed in an electric furnace. The lower 


cross dots represent a test of an equal number of 


samples of the product of an annealing furnace having 
an uneven heat distribution and poor temperature 
control. 


Specifications for Annealed Copper by the American 
Society for Testing Materials 


Tensile Strength 


Elongation ~ 
(ib. per sq. in.) 


Diameter (Inches) (Per cent in 10 in.) 


0.460 to 0.290 36000 35 
0.289 to 0.103 37000 30 
0.102 to 0.021 38500 25 
0.20 to 0.003 40000 20 


The conditions essential to the successful annealing 
of copper are: 

(a) The heating of the metal above its recrystalli- 
zation temperature to obtain the desired 
annealing effect. 

The limitation of the temperature of the heating 
chamber to that excess above the recrystalli- 
zation temperature beyond which the proper- 
ties of the metal would be adversely changed. 
(c) A uniform distribution of heat flux in the 
heating chamber so that the entire mass of the 
charge will be uniformly annealed. 

(d) A neutral atmosphere in the heating chamber. 

For this service the metallic resistor type of 
electric furnace 1s particularly well suited. The 
exact temperature that 1s desired in the heating 
chamber can be readily obtained and can be main- 
tained indefinitely by automatic control. 

A uniform distribution of the heat flux is secured 
by a wide distribution of the resistor heating units 
around the walls of the chamber. This distribution is 
fixed once for all and is not subject to any variable 
conditions of operation. 

The atmosphere found most suitable for copper 
annealing is superheated steam at a low pressure. 
This atmosphcre is effective in preventing both oxida- 
tion of the surface and the embrittlement of the metal. 
The conversion of electric energy to heat is inde- 
pendent of the surrounding atmosphere. Hence the 
heating units can be placed directly in the heating 
chamber; no muffle with its attendant maintenance, 


(b) 
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risk of cracking, and poor temperature control is 
necessary. 

Figs. 7 and 8 show views of electric furnaces used 
with steam atmospheres for annealing copper wire in a 
large manufacturing plant. Fig. 9 is a diagram of the 
design of a typical furnace. In this construction the 
heating chamber resembles an inverted tumbler with 
its mouth sealed in a tank of water over which the 
chamber is set. The charge to be annealed is carried 
into the heating chamber by means of hydraulic 
elevators operating in water-sealed tanks. The single 
heating chamber is moved back and forth alternately 


37 


10 112 12 


Sample Numbers 
Fig. 6. Elongation Tests of Samples of 0.11 in. Diameter 
Annealed Copper Wire 


Solid Dots: Wire annealed in electric turnace. 
Cross Dots: Wire annealed in a furnacc having uneven heat dis- 
tribution and poor temperature control. . 


and placed in proper register with the elevators, one 
of which is raised and supports a charge to be an- 
nealed while the other is being unloaded and reloaded. 

The temperature gradients in the heating chamber 
of one of these furnaces during the heating of a charge 


TABLE Il 


Charpey es aaa 
Heating period. ................ 


10,000 1b. of copper wire. 
1 hr. and 20 min. 


Heating chamber temperature.... 1100 deg. F. 
Average temperature of copper at 

end of heating period.......... 760 deg. F. 
Room temperature.............. 60 deg. F. 


Heat Absorbed by the Copper 

Weight of charge X Specific heat X Temperature rise 
3412 
10,000 X 0.10 X (760 — 60) 
j 3412 
=205 kw-hr. 
Total losses bv test, including heat carried out by steam, 

loss through walls, and loss through bottom water seal, are 


Kw-hr. = 


- 79 kw-hr. per hour. 


Loss during transfer of charge, 25 kw-hr. 
Total Energy Input for Annealing the Charge 
205 + (79 X 1.33) + 25 = 335 kw-hr. 


THE ANNEALING OF COPPER . 279 


are shown in Fig. 10. The charge consisted of 8540 lb. depends upon the location of the coil in the pile. 


of copper wire of 86 mils average diameter madeupin Sufficient time must be allowed for the centers of 
38 coils. The temperature gradient between the the coils to reach the desired annealing tempera- 
outside surfaces of a coil and the centers of the coil, at ture. In practice, the length of the heating period 
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Fig. 8. Electric 350-kw., 3-phase, 550-volt Furnace for Annealing Copper 


any given time before the temperature becomes 
equalized in the mass, depends upon the size of the 
wire and the thickness of the coil. Also, as there is 
usually more than one coil in a charge, the gradient 


ranges from 12⁄4 hr. for large wire to 2%% hr. for 
fine wire. 

An analysis of the heat distribution of a furnace of 
this type is given in Table II, from whichit follows that 
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the operating efficiency under the given conditions is 
61 per cent or, as more commonly expressed, approxi- 
mately 29 lb. of annealed copper per kilowatt-hour. 
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Fig. 9. Diagram Showing the Construction of a Non-oxidizing Copper Annealing 
Furnace of the Kenworthy Type. (Courtesy Charles F. Kenworthy, Inc.) 

J Elevated platform 

K Water level 

L Baffles 

M Elevator plunger 

O Elevator control valves 


E Metal lining | 

F Steel plate casing 

G Heating units 
Heat insulation 


A Electric cables to heating chamber 
B Steam vent 
C Heating chamber mounted on truck 
D Fire brick lining 

N Concrete pit 


In'the case of wire wound on metal spools, as is 
necessary for small sizes of wire, the heat absorbed 
by the spools is an added loss. Hence the pounds per 
kilowatt-hour is less for this class of work than for 
plain coils. 

The records of an electric furnace of the type illus- 
trated, when annealing various sizes of copper wire 
and with charges ranging from 6000 to 8000 1b., show 
average results as follows: 


+ AVOTARE production; esisi 5000 to 6000 lb. per hour 
Lb. per kw-hr. for plain coils..... 28 
Lb. per kw-hr. for wire on spools 20 


The cost of operating any furnace includes more 
than the cost of energy however. Labor and mainte- 
nance must be included. The labor required for 
operating an electric furnace is a comparatively small 
item. In copper annealing it is limited to that required 
for loading and unloading. The temperature of the 
heating chamber is under automatic control and the 
attendance is limited to that required for starting and 
stopping the furnace in accordance with a schedule of 
heat cycles corresponding to the character of the 
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charge to be annealed. For repeated heat cycles, 
a time clock can be used to control the length of 
the heating period. 


Experience in the opera- 
tion of electric copper an- 
nealing furnaces, extend- 
ing over several years, shows 
that the cost of maintenance 
is very low. The heating 
units have a long life, and 
there are no high tempera- 
tures to shorten the life of 
the heating chamber struc- 
ture. Also, it is seldom neces- 
sary to shut down the electric 
furnace for repairs as the 
minor repairs needed from 
time to time are made easily 
over night or at the week 
end. 
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While Annealing a Charge of Copper Wire in a Steam Atmosphere 


Curve a: Average of 3 thermo-couples placed inside of coils. 

Curve b: Average of 3 thermo-couples placed on surface of coils. 

Curve c: Average of 2 thermo-couples placed one at the top and 
the other at the bottom of the heating chamber. 
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The Charles A. Coffin Award of Fellowships, 1927-28 


IVE graduate and two undergraduate students 
Pie: been awarded fellowships for the year 

1927-28, by the Charles A. Coffin Foundation. 
These fellowships, which are awarded for one year, 
will enable the recipients to continue, or enter into, 
original research work at institutions of their own 
choosing. This makes a total of thirty-nine graduate 
and undergraduate students who have held the fel- 
lowships since the establishment of the Foundation 
in 1922. 

The Charles A. Coffin Foundation, by which these 
fellowships are granted, was created in honor of Mr. 
Coffin, who was the first president and chairman of the 
Board of Directors of the General Electric Company. 
It consists of a fund of five thousand dollars which is 
divided into minimum amounts of five hundred 
dollars that are awarded to a carefully selected 
group of men who need assistance in order to 
carry out original research work. The allowance 
to any individual may, however, be increased to 
meet his special needs when the committee con- 
siders that the circumstances justify the additional 
allowance. 

The purpose of the fund is to encourage research 
in electricity, physics, and physical chemistry on the 
part of students in educational institutions in the 
belief that much valuable material is undoubtedly 
added to the sum of knowledge in these branches of 
science by such individual work. This applies not 
only to students who are already engaged in such 
work and who, without aid, would be forced to drop 
or postpone their efforts with their results partially 
accomplished, but 1t includes those who feel that they 
have special aptitude in this direction, but who hesi- 
tate to start when faced with the prospect of being 
forced to discontinue before they have reached 
whatever goal they have set. Thus it is hoped that this 
fund will be of some help towards increasing the 
ranks of highly trained and skilled research workers, 
for whom there is a crying need, and also that it may 
be a means, however indirect, of increasing the scien- 
tific knowledge of the world. 

The awards, which consist of fellowships in the 
fields of Electricity, Physics, and Physical Chem- 
tstry, are made by a committee of three. The 
committee making this year's awards included: 
Mr. Cummings C. Chesney, representing the 
American Institute of Electrical Engineers; Mr. 
Gano Dunn, representing the National Academy 
of Sciences; Dean Ora M. Leland, representing the 
Society for the Promotion of Engineering Educa- 
tion; and Mr. W. W. Trench, secretary of the 
Coffin Foundation, as secretary of the Committee. 
Dr. W.R. Whitney, Director of the Research Labora- 
tory of the General Electric Company, who represented 
the Company, worked closely with the committee. 


Fellowships were awarded to: 

Carl D. Anderson, for research at the California 
Institute of Technology, on the photo-electric proper- 
ties of nickel. Mr. Anderson is an undergraduate of 
the California Institute of Technology, and was one 
of the two recipients of the travel prizes offered to its 
students at the end of their junior year. His work is 
concerned with determining the long wavelength 
limit for electron emission of nickel. 

Kenneth T. Bainbridge, for research at the Graduate 
School of Princeton University, on photo-electric 
phenomena, using monatomic films of alkali metals 
for the cathode surface. Mr. Bainbridge is a graduate 
of the Massachusetts Institute of Technology, 
and is doing advanced work at the Princeton 
Graduate School. 

Charles S. Barrett, for research at the Graduate 
School of the University of Chicago, on the technique 
of measuring low x-ray intensities. Mr. Barrett holds 
the degree of B.S. in E.E. from the University of South 
Dakota, and is doing post graduate work at the Uni- 
versity of Chicago. He will continue to work on the 
problem of the measurement of scattered x-rays from 
light amorphous elements, and the possibility of ob- 
taining from these data the distribution of electrons 
in the elements. 

Jamison R. Harrison, for research at Wesleyan 
University on the flexural vibrations in piezo-electric 
quartz crystals. Mr. Harrison holds the degree of 
B.S. from Tufts College and is working for an M.A. from 
Wesleyan University. He has already read two 
papers before the American Physical Society; one 
on the “Subfundamental Piezo-electric Vibrations in 
Quartz Plates,” in 1926, and the other on the “* Theory 
and Application of Low-frequency Piezo-electric 
Vibrations in Quartz Plates,” in 1927. 

James B. Sharp, Jr., for research at Stanford Uni- 
versity, on the properties of high-voltage insulation. 
Mr. Sharpis a graduate of Stanford University, with the 
degree of A.B., and is doing postgraduate work there. 

Lal C. Verman, for research at Cornell University, 
on problems concerned with short wave radio propa- 
gation. Mr. Verman is an undergraduate at the 
University of Michigan and has also attended the 
University of California. His problem concerns the 
polarization of short waves as influenced by the 
direction and distance of the sending station, the 
weather conditions, etc. 

Aaron Wachter, for research at Harvard University 
concerning investigations of the surface tensions of 
dilute and concentrated solutions of all types. Mr. 
Wachter is a graduate of the College of the City of 
New York, with the degree of B.S., and 1s at present 
attending the graduate school of that institution. He 
has published a paper in the Journal of the American 
Chemical Society. 
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(Illustrated description of gas-electric cars.) 
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AT THE RECEIVING END OF A SPAN ACROSS THE MISSISSIPPI 


The incoming conductors to the floor bushings pass directly downward to transformers on the ground. Above are the enclosed sphere gaps, 
and at the right the oxide-film lightning arresters that were installed to eliminate the severe flashovers that 
took place on the tower. (See p. 301) 


In This Issue: Elbows for Duct Systems Aviation Lighting 
Tungsten Filaments Vacuum Tubes as Generatárs 


Industrial Laboratory Equipment Current Pulsations Ties from Scrap Rai 


, & AA ARA Ve 


High Vacuum 
in Hot Weather 
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Southwestern Power and Light Com- 


pany. 
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when the outside air temperature is 
90 deg. and the humidity 50 per cent. 
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diameter. 
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New Data for the Design of Elbows in 
Duct Systems 


Losses in Elbows Determined by Shape and by Adjacent Piping—Methods Used in Obtaining 
- Data—Influence of Radius Ratio on Losses—Aspect Ratio; Its Definition and Effect 
on Losses—Corrective Features Evolved as a Result of Tests—Conclusions Drawn 


By LORING WIRT 
Turbine Sales Department, General Electric Company 


HIS article gives data on 
the losses in a variety of 
elbows determined in a new 
and it is believed, more accurate 
way in the Turbine Research 
Laboratory of the General Elec- 
tric Co. It describes and evaluates 
the large effect of aspect ratio on 
the loss in elbows and describes 
in detail how to design blade 
turns that reduce the loss in bad 
elbows from 150 per cent to 22 per 
cent of the energy in the velocity 
head. 

This investigation has resulted 
in the use of blade turns in the crossovers of the 
77,000- and 90,000-kw. General Electric turbines at 
the Crawford Avenue Station of the Commonwealth 
Edison Company. 

Unfortunately for the simplicity of the problem 
the losses in elbows are not constant, but depend 
upon the way the elbows are used. An elbow in one 
part of a duct system might cause a loss equal to 
60 per cent of the velocity head, while the same elbow 
in another part of the system might cause a loss of 
only 40 per cent. The possibility of such a variation 
is apparent if consideration is taken of the way in 
which an elbow causes loss, viz., by disturbing a 
simple system of flow. A portion of this disturbance 
is finally turned into heat, and the equivalent energy 
is the real loss caused by the elbow, because this 
energy cannot be converted into either pressure or 
velocity—the two useful forms. 


General Theory of Loss 

A small radius elbow will obviously cause more 
disturbance than a long radius elbow and, less 
obviously, with any given elbow the disturbance 
produced will depend upon the uniformity of the 
stream flowing into it. Thus a stream previously 
disturbed so that it flows as a high velocity jet filling 
two-thirds of the cross section of the pipe will flow 
around an elbow with little additional disturbance, 
and the loss caused by the elbow will be small. On 
the other hand the same elbow fed with a uniform 
stream will concentrate the flow away from the throat 


It 1s rather startling to learn 
that aconventional elbow will have 
its loss reduced 10 per cent by 
replacing the rounded outer corner 
with a square corner. 


tt makes a decided difference 


whether a rectangular duct is tent 
clong the short or the long side in 
turning a corner. 
extensive investigation furnishes 
much instructive information of a 
quantitative character.— EDITOR 


and produce the disturbed flow 
just described, filling two-thirds 
of the pipe and also, as a result, 
produce excessive loss. 

Only a part of the disturbance 
is converted into heat; the re- 
mainder under suitable condi- 
tions can be recovered as pres- 
sure. Thus a length of straight 
pipe following an elbow will act 
like a diffuser and convert some 
of the high velocity jet concen- 
trated at the outside of the elbow 
into a slower jet entirely filling 
the pipe, and by so doing will 
increase the static pressure in the pipe as it recedes 
from the elbow. In other words, some of the dis- 
turbance is smoothed out, the energy thereby saved 
to the system appearing as additional static pressure 
as compared with the static pressure immediately 
after the elbow. 

To sum up, the loss depends upon the entering con- 
ditions, the elbow itself, and the leaving conditions. 
Neglect of the entering and leaving conditions and 
different methods of testing are probably the causes 
of the discrepancies found in published results, and 
account for the difference hetween the results of the 
tests described in this report and the data given in the 
handbooks. 


Then, too, 


The following 


Test Apparatus 

Inasmuch as the effect of the entering and leaving 
conditions on the loss in an elbow 1s extremely large, 
it is necessary before using values of this loss to know 
exactly the construction of the test system and the 
method of measuring the loss. (See Fig. 1.) 

It is easy to measure the impact pressure, 1.e., 
the sum of the static pressure and the velocity pres- 
sure, but it is extremely difficult to obtain accurate 
measurements of the static pressure alone when 
velocity pressure is also present. The velocity pressure 
usually causes the readings of static pressure to be 
too high or too low. In these tests, it is possible, by 
having the models discharge into the atmosphere, 
to eliminate the necessity of measuring the static 
pressure, as it can be assumed to be atmospheric. 
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Referring to Fig. 1, the air from the factory system 
at 90 1b. per sq. in. pressure is throttled by the valve 
so as to keep a constant initial pressure ahead of the 
test models. The air passes through a conical strainer 


Flow Nozzle 


AE, > goad, (P) and 


aft. 
Strainer 
90 Ib. per 
Square Inch 
Fig. 1. Sectional Diagram of the Test Apparatus 
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corresponding to the total initial energy regardless 
of the magnitude of the velocity of approach. The 
static pressure after the flow nozzle is measured by a 
tube that is flush with the wall of the pipe and opposite 
the end of the flow nozzle. Numerous tests proved that 
it gives the correct static pressure. These tubes, P, 
and Po, are connected to two U-tubes so as to measure 
P, and (P,:—P3), or the initial pressure and the drop 
across the flow nozzle. 

Following the flow nozzle is a strainer that again 
assures distribution of the flow throughout the 8-in. 
pipe. Shortly ahead of the test model is a thermometer 
in a well and an impact tube pointing up stream as 
before so as to allow for any velocity of approach. 
The models to be tested are secured on top of the 
pipe by convenient clamps and bolts. 


Models Tested 

In order to eliminate the variable due to a disturbed 
flow approaching the elbow, the models were designed 
so that the elbow followed an orifice of high efficiency. 
This assured a uniform velocity flowing into the elbow 
throughout the entire area of entrance. The discharge 
end of the elbow was provided with a removable piece 
of pipe four diameters in length. 


Data Taken 

The elbows were tested by increasing the initial 
pressure in steps, usually to 16 in. of mercury, and 
reading the thermometer and all of the pressure 
tubes. With these data it is simple to compute the 
flow in cubic feet per minute through the model for 
any initial pressure ahead of it. This initial pressure 
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Fig. 2. 


in the bottom of the large vertical pipe to assure dis- 
tribution, and flows through a standard General 
Electric flow nozzle. The pressure ahead of this 
flow nozzle is measured by an impact tube pointing 
up stream which causes it to read correctly the pressure 


Typical Flow Curves 


is the drop through the model, because the final 
pressure is atmospheric. Data were taken on the 
orifice alone, the orifice and the elbow and also the 
orifice, the elbow and the pipe. A typical curve sheet 
of results is shown in Fig. 2. 


288 June, 1927 


Method of Comparing Turns 

If a short radius elbow requires a higher initial 
pressure than a long radius elbow to produce the same 
flow, obviously it has greater loss. The energy in 
- compressed air for low pressures is approximately 
proportional to the pressure. The pressure required 
to produce the flow through the orifice alone is the 
velocity head, and the additional pressure required 
with the same orifice followed by an elbow, expressed 
as a per cent of the pressure required for the orifice, 


299 TT TITE O T 
E AAA 
AEREA (ees 
EMERE 


Radius Ratio=R 


Fig. 3. 


is the per cent of velocity head lost in the turn. Thus, 
from Fig. 2, at a flow of 2000 cu. ft. per min. certain 
initial pressures are as follows: 


Orifice = 
From which the velocity head = 4.4 in. Hg. 
Rounded elbow and pipe = 8. ; 
Rounded elbow =11.0 in. Hg. 

Per cent velocity head lost in rounded elbow and pipe 

8.7 — 4.4 


4.4 
Per cent velocity head lost in rounded elbow 
11.0 — 4.4 

Ad 
In other words, a loss of 145 per cent means that 
the drop in pressure through the elbow is 1.45 times 
the drop in pressure required to generate the velocity 
of flow, or as it is commonly called, the velocity head. 


xX 100 = 98 per cent 


Xx 100 = 145 per cent 
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Accuracy of the Method 

The method as outlined has several features that 
contribute to give accurate comparisons. First the 
drop in pressure through the model is accurately 
known since, as explained before, no measurement 
of static pressure is involved in its determination. 
Also the flow through the different models is measured 
by the same flow nozzle under exactly the same con- 
ditions. The flow curve on the orifice and the flow 
curves on the models with which it 1s used are always 


Curves A and; Round 
Corner and Square Pipe 
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Effect of Radius Ratio on the Loss 


made at the same time so that any error that might 
creep in would be eliminated from the results due to 
the final comparison on a percentage basis. 

Finally the passageways leading up to the elbow 
being tested contain very little loss, which assures 
that the different models are always fed in the same 
way by a uniformly distributed flow. If the models 
were fed with a stream containing cross-sections of 
high and low velocity, it is extremely probable that 
this confused flow would be more favorable to some 
models than to others and therefore would give in- 
consistent results. 


Method of Plotting Results — i j 
The elbows were tested at velocities from 0 to 
1000 ft. per sec. The radius ratio of the elbows was 
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changed keeping the aspect ratio constant. (See 
page 291 for a definition of aspect ratio.) Also the 
aspect ratio of the elbows was changed keeping the 
- radius ratio constant. In order to present the results 
in a useful form, the data were plotted on log paper 
to a large scale and a family of curves drawn in that 
would best satisfy all the data and would cross-plot 
satisfactorily. 


Change of Radius Ratio 
Fig. 3 shows the effect on the loss of changing the 
radius ratio of an elbow while the aspect ratio 


: R 
remains constant. In other words, D changes from 0.5 


„ W E | 
to 2.8 while D remains constant and equal to one. 


The dash curves are copied from the handbooks and 
the solid curves are test data. 


Round Jet 


Fig. 4. Stream Lines in the Interior of a Jet 


Curves A and B are taken from a paper by Frank 
L. Bussey, page 336, in the 1913 Transactions of the 
A.S.H.® V.E. The same data are copied also in 
Fan Engineering, a publication of the Buffalo Forge 
Co. Curve C is taken from a chapter in Kidder's 
‘Architects’ and Builders’ Handbook, page 1338, by 
Prof. Louis A. Harding. The data he gives are con- 
verted into the form used here by using values of 
friction (that he also gives) and converting on the 
basis that one velocity head is lost in a length of 33.5 
pipe diameters. In general the new test data from 
the present tests lie between the values given by these 
two men. 


Square Corner Better Than Rounded Corner 

The data show definitely that a square corner has 
about 10 per cent less loss than the corresponding 
rounded corner. This finding appears to be unreason- 
able, but it has been proved beyond a doubt with 
the various elbows and also with other models that 
illustrate the same principle of flow. The greater 
efficiency of a square corner is due to the better flow 
lines of a majority of the stream. The stream lines 
in a jet of water impinging on a flat plate have been 
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observed by W. M. White (Mechanical Engineering, 
Vol. 43, page 379, June, 1921), by injecting filaments 
of colored water into the jet. The flow system is 
illustrated in Fig. 4. 

The flow lines are not concentric but instead turn 
sharply where easier turns at a greater radius might 
be expected. The conditions are a little different 
with a square corner but the flow lines are probably 
similar. The round elbow tries to force the flow into 
circular paths while the square corner allows the flow 
lines to assume a more natural shape as in Fig. 4, 
and by so doing reduces the loss. 


Flow Casts 

Flow casts that show the flow lines on the walls 
of the elbow are made by painting the interior of 
the model with a mixture of lamp black and oil. 
Air is allowed to flow through the model at a velocity 
sufficient to blow away the surplus paint and streak 
the remainder out into fine lines in the direction 
of flow. The air flow is then stopped suddenly with 
a clapper valve and the model removed from the 
test stand and filled with plaster of Paris which, 
when it hardens, absorbs the lines. The model is 
then taken apart and the cast removed and lacquered. 
The result is a permanent record of the stream flow 
through the model and the shape that produced 
that flow. Fig. 5 shows flow casts of elbows of different 
radius-ratios. 


Flow Casts of Sharp Elbows 

Fig. 6 shows the flow casts illustrating three types 
of elbows; viz., left to right, the blade turn, the 
Square corner and the rounded corner. Arrows were 
added to make the flow lines visible in the illustration. 
Flow curves similar to Fig. 2 show that the losses in 
these elbows when used without and with a following 
pipe are as shown also in Fig. 6. l 

The loss is expressed as a per cent of the velocity 
head, and data are given for the elbow alone and 
for the elbow followed by a pipe four pipe diameters 
in length. 

The flow cast of the square corner apparently 
indicates a very confused flow, while the cast for 
the rounded corner appears much better. A close 
inspection of the rounded corner in Fig. 7 shows that 
the lines diverge on the outside of the turn and con- 
verge on the inside, indicating that the turn is filled 
with flow in the form of the two well-known spirals 
rotating in opposite directions. 

The flow in the center of the turn has to be inferred 
from the flow lines on the surface of the cast. With 
the rounded corner the flow as a whole is deflected 
around the bend by the curved surface while in the 
case of the square corner the flow crowds into the 
corner and expands out again in the new direction 
of flow. This compression and expansion is: possible 
because the diagonal is greater than the side of the 
turn thereby affording more area for the slower 
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moving, higher pressure flow. The pressure is greatest 
near the outside and accounts for the stream lines mak- 
ing sharper bends near the outside as shown in Fig. 4. 


Flow Cast of Square Corner 

Due to surface friction the velocity is lower near 
the walls of the duct leading to the elbow than in the 
center of the duct. Therefore, the pressure required 
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is so reduced in power that it is equal in strength to 
the forward flow at the same point which has been 
flowing along the line 1, 2, 3, 4. Upon meeting, the 
two flows join together and flow at right angles 
toward the side into regions of still lower pressure 
because of the greater friction in the corners. In the 
same way flow f, g, and h turns flow 8, 9, and 10. 
These surface flow systems do not penetrate very 
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Flow Casts of Elbows of Increasing Radius Ratio 


Without Pipe 
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Fig. 6. 


to turn the center of the jet will be greater than the 
pressure required to turn the portion of the jet slowed 
down by contact with the walls. The result is shown 
in Fig. 8. 

The pressure due to the high velocity flow is a 
maximum at a and relieves itself by a surface 
flow in all directions. At the start this flow is very 
powerful and can flow even in a backward direction 
as alongabcd. This backward flow loses strength 
due to surface friction and spreading until finally it 


Flow Casts of Sharp Elbows 


deeply into the main flow but represent skidding 
on the sutface due to the high pressures produced 
by the main flow, which in its interior has stream 
lines more or less like Fig. 4. 

The flow cast of the blade turn (Fig. 6) shows that 
the flow approaches the blades in straight lines, turns 
within the blades and flows away in straight lines 
showing practically no disturbance, which accounts 
for the low loss of 22 per cent while in the case of the 
other turns the loss is five or six times greater. 
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Impact Traverses 

Impact traverses that thoroughly explore the dis- 
charging jet are of great assistance in analyzing the 
flow through a turn. The making of these traverses 
is described thoroughly in a paper by the author 
entitled, “An Experimental Investigation of Nozzle 
Efficiency,” presented at the annual meeting, New 
York, December 1 to 4, 1924, of the American Society 
of Mechanical Engineers. They show exactly where 
the discharge is good and where it is bad. Fig. 9 
shows the impact traverses on the center line of the 
rounded corner in dotted lines and of the blade 
corner in solid lines. They indicate definitely the 
concentration of the flow in the outer three-fourths 
of the rounded corner, and the effect of the blades 
in keeping the flow distributed across the whole 
passageway and thereby reducing the loss to a mini- 
mum. The dips in the impact traverse of the blade 
turn are due to the losses caused by the blades, and 


Inside 
N 


Outside 
Fig. 7. Flow in a Rounded Corner Elbow 


are progressively different in shape due to the 
changing clearance between the bucket edge and 
the impact tube. 


Pipe Gain 

The addition of a straight length of pipe following 
an elbow reduces the loss caused by the elbow by 
diffusing the high velocity jet which exists on the out- 
side three-quarters of the elbow into a slower moving 


TABLE 1 

: SOR. Lo ith Pi Loss without Per Cent 
Radia patio IS E Per Cent Recovered 

0.8 56.0 81.5 31.2 

1.2 29.0 43.5 33.3 

1.6 21.7 33.2 34.6 

2.2 16.0 26.8 40.0 

2.8 13.5 23.3 42.0 


jet which entirely fills the pipe. The flow cast in Fig. 10 
shows this action clearly. Part of the pipe for two 
diameters after the elbow is filled with backward 
flow. Impact traverses show that at the end of 
four diameters of pipe the flow fills the pipe but 
is not uniform in velocity and, therefore, that a 
still greater length of pipe could still further reduce 
the loss. 
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Amount of Pipe Gain 


The curves in Fig. 3, show the amount of pipe gain 
indicated by the tabulation in Table I. 


Pipe Gain with Square Corner Elbow and Square Pipe 

The data in Table I show that the pipe reduces 
the loss of a small radius elbow about 30 per cent 
and of a large radius elbow about 40 per cent. The 


Fig. 8. Flow in a Square Corner Elbow 


lower value of 30 per cent for the small radius elbow 
is due to the fact that a pipe four diameters in length 
is not sufficiently long to recover the same proportion 
of the larger loss caused by the smaller radius elbow. 
These same percentages, viz., 30 and 40 per cent, 
will apply also to rounded corner elbows followed 
by a pipe. 


Aspect Ratio 

In aeronautics the aspect ratio is the ratio of the 
span, or length of the wing, to the chord, thus: 

Span of airplane wi 
Aspect Ratio= fel ei ce cecal 

Chord of airplane wing 

Aspect Ratio as applied to elbows is the length 
of the element of the cylinder forming the curved 
surface of the turn divided by the difference of the 
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Fig. 9. Comparative Impact Traverses on the Center 
Lines of a Blade Elbow and of a Rounded Elbow 


radii of the turn. Thus it is the ratio of W to D in 
Fig. 11. To put the definition in a homely way 
imagine the duct to be represented by a 2 in. by 8 in. 
plank and that the elbow is formed by bending this 
plank through 90 deg. If the plank is bent the easy 
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way the flow through the elbow is easy and the 
aspect ratio is 4. On the other hand if the plank is 
bent the difficult way the flow is difficult and the 
aspect ratio is 0.25. 

In aeronautics the greater effectiveness of a plane 
having a large aspect ratio is well known. Consider 
two wings having the same area and with aspect 
ratios of 1 and 10. If the first wing lifts 1 1b., the 
second will lift 2.2 Ib. 

The handbooks penalize ducts having large aspect 
ratios by reducing the volume flow for the same 
pressure drop according to Table II. 


i ER 
HANA 
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i EE 


3 
Aspect Ratio=¥ 
Fig. 11. Effect of Aspect Ratio on the Loss 

With elbows, however, the effect of large aspect 
ratios is not only the opposite but is relatively of 
tremendous magnitude. 


TABLE Il 


Aspect Ratio 


—— ce ff fee 


Since handbooks do not consider the effect of 
aspect ratio on the loss in elbows, and with Table II 
in mind, one would probably handicap elbows 
having large aspect ratios in about the same propor- 
tion as the flow in the duct is handicapped. On this 
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basis an elbow having its aspect ratio increased from 
1 to 3.5 would have its flow reduced about 6.7 per 
cent, or, keeping the flow constant, would have its 
loss increased 12.7 per cent. The curves in Fig. 11 
show that the effect of large aspect ratios is to reduce 
the loss in elbows, and in the case in question the loss 
instead of being increased 12.7 per cent 1s actually 
reduced 50 per cent. 


Data on Aspect Ratio 
To obtain the complete data in Fig. 11 experi- 
mentally would require many models and much 
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Fig. 12. Aspect Ratio Factor 


testing. Consequently the upper and lower curves 
were determined. The spacing of the two solid middle 
curves at an aspect ratio of 1 is known from Fig. 3 
and the remainders of these curves were drawn keeping 
the same ratio of spacing. The curve for R/D= 

in the region of high aspect ratio is somewhat in 
doubt and therefore is drawn dotted. The dash 
curve for elbows having R/D = 5/3 and tested without 
a pipe is also test data. 


Aspect Ratio Factor 

To assist in the application of the information in 
Fig. 11, which is inconvenient to use with odd radius 
ratios, the curves in Fig. 12 are drawn, in which the 
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aspect ratio factor is given as a function of the aspect 
ratio and independent of the radius ratio. 

The aspect ratio factor is given as a solid curve for 
an elbow followed by four diameters of straight pipe, 
and as a dotted curve for an elbow without a pipe. 
This dotted curve should be used in cases where the 
elbow is followed by passageways so complicated 
in shape and direction that they preclude the possi- 
bility of diffusion. 

It is correct for a large aspect ratio to be more 
effective when the elbow is followed by a pipe because 
the broad surfaces of the pipe are placed in the most 
effective position, in regard to the flow concentrated 
on the outside of the elbow, to accomplish diffusion 
and consequent reduction of. loss. 
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elbows having large radius and aspect ratios is 
emphasized in Fig. 14. The elbows illustrated both 
turn a rectangular duct having the proportions of 
1 to 5.33 through 90 deg. The throat radius in both 
elbows 1s 1.75 inches. The tabulation shows the change 
in radius and aspect ratios and that the bucket turn 
in the case given reduces the loss from 130 per cent 
to 16 per cent of the velocity head. 


Blade Corners or Blade Elbows 

Sufficient data on the losses in elbows have now 
been presented to permit of an analysis of the reasons 
for the low loss in blade corners. Consider the blade 
turn shown in Fig. 6 which has a loss of 22 per cent. 
This elbow without blades has a radius ratio 


Fig. 13. Flow Casts Showing Change of Aspect Ratio 


In order to obtain the approximate loss in an elbow 
of given radius and aspect ratio multiply the value 
of loss obtained at the correct radius ratio from Fig. 3 
by the aspect ratio factor from Fig. 12. 


Aspect Ratio Flow Casts 

Fig. 13 shows flow casts of square and round 
corner elbows having aspect ratios of 1, 2, 3.6, and 5.3. 
The flow lines show that most of the disturbance 
takes place in the ends and that the lower loss in an 
elbow having a large aspect ratio is due to the larger 
amount of center portion away from the ends. In 
this center portion the flow is practically undisturbed. 


Bucket Turns Better Than Flat Turns 
The difference in shape and efficiency between 
elbows having small radius and aspect ratios and 


R/D=0.67 and an aspect ratio W/D=1.0. Its loss 
is 185 per cent assuming that there is no straight 
duct following the elbow. 

The addition of blades changes four properties of 
the elbow as fellows: 

(1) The radius ratio changes from R/D=0.67 to 
R/D = 1.5 by using the type of blade shown at A, 
Fig. 15. This change reduces the loss from 135 per 
cent to 35 per cent. 

(2) The square corner is changed to a round corner 
which would increase the loss from 35 per cent to 
39.5 per cent. 

(3) The blades change the aspect ratio from 1 to 
12 which would reduce the loss from 35.5 per cent to 
17.5 per cent. 

(4) The use of many blades introduces an additional 
loss caused by the entrance and exit edges of the 
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blades (see Fig. 9) that does not exist in a single 
turn, and these losses can easily account for the 
increase of loss from 17.5 per cent to an average test 
value of 22 per cent. 


Design of Blades 

The simplest way to keep the loss in elbows at a 
minimum is to use large radius ratios and large aspect 
_ ratios, but in many cases the limitations imposed 


on the design make it necessary to use sharp bends A 
and even fractional aspect ratios. In these cases the 
addition of blades offers the only way of reducing an 
excessive loss to an extremely low value. 
B 
T of 5 Radius | Aspect | Percent 
ety i 


Fiat Turn | 80x15 | 0.12 | 
Bucket Turn] 1.5 18.0 | 1.67 __ ECE 


Fig. 14. Bucket Turns Better Than Flat Turns 


The pitch of the blades follows after the aspect 
ratio is selected. Fig. 12 shows that an aspect ratio 
of 6 is about as high as is necessary or desirable and 
is sufficient to give a low loss. Excessive aspect ratio 
gives blades that are too long and weak. In Fig. 15 
A shows the ideal blade section having sharp entrance 
and exit edges and a uniform passageway through 
the blade. While perhaps ideal from an efficiency 
viewpoint this shape is expensive to make and the 
edges are easily damaged. 

The superiority of the square corner over the 
rounded corner would indicate that it should be 
possible to make efficient blades by bending sheet 
material into blade shapes. To test various sheet 
metal blades a model was made into which could 
be inserted different blades, all other conditions 


Š at iat / 
ENE e 


A 
\ 
A 


being the same. Fig. 15 shows four types of such blades E 
having an aspect ratio of 6 on which five tests y | 
were run. With blades B, C, and D, the total loss A - 2.828" —— — 
for the complete elbow was 22 per cent. Blades E r—— Standard Width A 
gave a loss of 45 per cent when the flow entered - 2° e Subtracted Ja “Added 


the curved portion and left from the straight por- 
tion, and a loss of 96 per cent when the flow was 
reversed. 


Fig. 15. Shapes for Turning Blades 
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Choice of Blade Shape 

Blades B, C, and D are equally efficient due to 
the fact that the increasing radius ratios with C and 
D about compensate for the departure from the ideal 
blade shape. Shape C is recommended as the best 
from a design viewpoint as any variation in manu- 
facture will change it into types B or D which are 
both equally good. 

The blades shown are made from +3% in. thick 
metal, and are six inches long. They are set with a 
pitch of 1.414 in. which calls for a theoretical axial 
width of one inch, which is reduced to }% in. by the 


t 


Fig. 16. A Splitter Reduces Loss 


Radius| Aspect 
Ratio] Ratio 
W 
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Fig. 17. 


Losses in Special Elbows 


thickness of the metal. To reduce the edge losses in 
the blades to a minimum the entrance edge and more 
especially the exit edge has its thickness reduced to 
half by a gradual taper of 7 deg. or less. 

In cases where this thinning cannot be done, type 
D blades with thick edges would have less loss than 
type B blades with thick edges. 


A Splitter Reduces Loss 

There is considerable discussion in the literature as 
to the effectiveness of a splitter (see Fig. 16) in reduc- 
ing the loss caused by a rounded elbow used with a 
square duct: An elbow with a splitter has not been 
tested, but it is possible to estimate its loss from the 
data in Figs. 3, 11, and 12. The necessary data are 
given in Table III. The addition of the splitter 
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increases both the radius ratio and the aspect ratio. 
The increase in each case reduces the loss. Increasing 
the radius ratio from 0.67 to 0.83 and 1.83 reduces the 
loss from 101 per cent to 60 per cent and 22 per cent. 


Elbow with Splitter 

Changing the aspect ratio from 1 to 2 reduces the 
loss about 30 per cent (see Fig. 12). Therefore, the 
values of 60 and 22 in the table are reduced by 30 
per cent to 42 and 16. 

According to the figures, the splitter reduces the 
loss from 101 per cent to 29 per cent. 

The actual gain due to using a splitter would not 
be as large as indicated because allowance must be 
made for additional losses caused by the splitter. 
The values of loss of 42 per cent and 16 per cent are 
for elbows followed by a pipe, and in the case of the 
splitter part of the pipe is missing, since the splitter 
does not project into the pipe following it. Also the 


TABLE lil 
Rano | Ro | pa | pelo 
Inner Elbow........ 0.83 5 is 42 
Outer Elbow... 183 | 2 | 2 | o: 
Elbow with Splitter | Computed loss. >... a 
Probable loss if tested..... 40 


thickness of the splitter reduces the area of flow and 
introduces entering and leaving edge losses. For these 
reasons the low loss of 29 per cent would not be 
realized if an elbow with a splitter were tested. A 
probable value of the loss would be 40 per cent or a 
reduction of loss in the elbow using a splitter to 40 
per cent of its original value of 101 per cent. 


Use of More Than One Splitter 

If two splitters are used instead of one, the cal- 
culated loss is 14 per cent. The loss if tested would 
probably amount to 30 per cent. 

The addition of more than two splitters would prob- 
ably cause more loss than gain due to the additional 
area of flow taken up by the splitter and to the fact 
that the radius ratio soon becomes too large. The 
loss in an elbow is at a minimum with a radius 
ratio of about three. Greater radius ratios cause 
more loss because the additional ease of flow 
secured does not compensate for the large friction 
areas introduced. 


Losses in Special Elbows 
Additional tests have been made on special elbows 
and important results are tabulated in Fig. 17. 
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Loss Independent of Size 

The models from which the two sets of flow casts 
in Fig. 18 were obtained have areas in the ratio of 
1:2:3. The flow lines on the casts are remarkably 
alike, showing that the system of flow is similar in 
all the elbows. Since the loss in an elbow depends 
upon the amount of disturbance caused by the elbow, 
the similarity of the flow casts indicates that the loss 
in each of the elbows should be the same. 
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Crawford Avenue Station of the Commonwealth 
Edison Co. of Chicago. These elbows were designed 


by the General Electric Co. and made by the Crane 
Co. The turning blades are fastened to shrouds 
that slide into grooves cored out of the casting. 
This construction permits the blades to be slid 
into place and eliminates contraction strains that 
might be excessive were the blades cast integral with 
the shell. 


Fig. 18. Flow Casts of Similar Elbow Having Areas in the Ratio of 1:2:3 


The flow curves on the elbows prove that the loss 
is independent of the size, and that the square-corner 
elbow has about 10 per cent lower loss than the cor- 
responding round-corner elbow. 


Application of Turning Blades 

Fig. 19 shows the application of the theory that 
has been developed to the elbows in the crossover 
connections between the high- and low-pressure units 
of the 77,000-kw. and 90,000-kw. turbines at the 


BRIEF SUMMARY OF RESULTS 


(1) Square corner 10 per cent better than rounded corner. 
(2) Pipe gain 30 per cent to 40 per cent. 

(3) Radius Ratio 2/3 1 1.5 2.5 

Loss, per cent 103 42 26 16 

Aspect Ratio: 
Change from 1 


(4 


Nue 


to 1/4 increases loss 45 per cent 


Change from 1 to2 reduces loss 31 per cent 
Change from 1 to3_ reduces loss 46 per cent 
Change from 1 to6 reduces loss 62 per cent 


Change from 1/4 to 4 reduces loss 69 per cent 
(5) Blade turn reduces loss of 150 per cent to 22 per cent. 
(6) Splitter reduces loss from 101 per cent to 40 per cent. 


Fig. 19. 90,000-kw. Turbine Crossover Elbows Having Turning Blajles as 
Shown in the Lower Right-hand Corner of Fig. 2 
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An Industrial High-voltage Laboratory 


By W. 1. MIDDLETON 
Electrical Engineer, Simplex Wire and Cable Co., Boston, Mass. 


electric power is being distributed has resulted 

in the necessity for much. more definite knowl- 
edge with regard to the dielectric and conducting 
characteristics of power cables, in order that their 
development may keep pace with the changing re- 
quirements of the service. Not only does this situa- 
tion imply a great deal of research work in connection 
with both the cables proper and the substances 
used to insulate them, but it has increased the sever- 
ity and variety of the routine tests to which finished 
cables must be subjected. Since both the research 
work and the routine testing, to be of any real value, 
must be carried out under conditions more severe 
than those met in actual service, voltages considerably 
in excess of standard transmission voltages must 
be available, as must equipment suitable for repro- 
ducing certain transient phenomena; in other words, 
most of the equipment going to make up an experi- 
mental high-voltage laboratory is needed. 

As aresult of such conditions the Simplex Wire and 
Cable Company became convinced of the necessity for 
a very complete testing and experimental laboratory 
that should be sufficient not only to take care of their 
present needs, but to be capable of providing for those 
that will undoubtedly arise in the future. For this rea- 
son equipment that might seem superfluous at present 
was included. The results obtained in the short 
period of time since the laboratory was put into 
operation have not only demonstrated its practical 
value, but have more than justified the expense 
involved in equipping it so completely. Before going 
into a description of the equipment proper, a brief 
summary of the work done in the laboratory should 
be interesting if for no other reason than because 
it gives a good idea of some of the tests and researches 
involved in the production of high-tension cable. 
The summary is as follows: 

(1) Routine electrical testing of the various ingre- 
dients that go into the make-up of finished 
insulating material; the tests include specific 
resistivity, specific inductive capacity, dielec- 
tric power loss and power-factor, and dielectric 
strength. 

(2) Study of the insulating properties of various 
paper impregnating compounds, with special 
reference to their stability under prolonged 
voltage test. 

(3) Study of the electrical properties of various 
types of cable papers, and of papers manu- 
factured by various processes. 

(4) Study of the phenomena that take place within 
a cable under electric stress. 


Tee: constant increase in the voltages at which 


(5) Study of the effect of methods of taping and 
degrees of saturation on the dielectric prop- 
erties of cables. 

(6) Dielectric strength of oil films. 

(7) Determining the effect of frequency on power- 
factor, and on the dielectric loss in cables. 


(8) Cause and nature of X, found in high-tension 
cables. 

(9) Determination of the relation between instan- 

taneous breakdown and long-time voltage 

test. 

Relation between the dielectric loss, and the 

other properties of cables. 

Development of suitable joints for single- and 

multiple-conductor cables. 

Life tests on cables for voltages up to 600,000 

volts working pressure. These tests are run on 

a 24-hour basis. 

The laboratory where this work is carried on con- 
sists of two buildings, one having dimensions of 
50 by 60 by 32 ft., being the high-voltage laboratory, 
and the other, 60 ft. wide, 78 ft. long in front and 
100 ft. long in back, being the low-voltage laboratory. 
The two buildings have a common wall, which is 
pierced by a door 9 ft. high by 7 wide to permit 
communication between them. When the door is 
closed the only way of getting from one building to 
the other is by means of doors above the floor level 
on the low-voltage side, which open onto a balcony 
in the high-voltage room, making it impossible for 
anyone to get on the floor with the high-tension 
apparatus inadvertently. Part of the low-voltage 
laboratory space has been partitioned off to form the 
generator room. The latter is of sound-proof construc- 
tion, with overhead ventilation, and the floor is 
separate from that of the laboratory so that no ma- 
chine vibration is transmitted to the laboratory 
instruments. 


(10) 
(11) 


(12) 


Generating Equipment 

The equipment in the generating room (Fig. 1) 
consists of the four motor-generator sets used to 
supply power for both the high- and low-voltage 
laboratory apparatus, and the secondary control 
for the machines. The primary control is all located 
on a six-panel switchboard in the low-voltage labora- 
tory. The machines include one 750-kv-a. sine-wave 
motor-generator, consisting of a 350-kv-a., 3-phase, 
550-volt synchronous motor driving a 750-kv-a., 
3-phase, 2300-volt sine-wave generator; one 250-kv-a. - 
motor-generator, consisting of a 90-kv-a., 3-phase, 
250-volt synchronous motor driving a 250-kv-a., 
3-phase, 250-volt sine-wave generator; one 35 kv-a., 
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variable-frequency motor-generator, consisting of a 
20-h.p., 115-volt, shunt-wound, direct-current motor 
driving a 35-kv-a., 3-phase, 20/40-cycle, 250-volt sine- 
wave generator; and one 60-kw., a-c.—d-c. motor- 
generator, consisting of a 90-kv-a., 3-phase, 550-volt 
synchronous motor driving a 60-kw., 125-volt, direct- 
current generator. 

The sine-wave generators of these sets are designed 
to give a perfect sine wave under all load conditions, 
and special attention has been given towards mak- 
ing this characteristic hold true when they are 
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millimeter spark gap with current-limiting resistance; 
and two needle point gaps, one three- and one single- 
phase, with current-limiting resistances of one million 
ohms each. There is also a control board, located on 
the balcony, which carries all the apparatus necessary 
for the voltage control of the transformers. 

The three transformers (see Frontispiece) are 
arranged so that they may be operated either as sin- 
gle units, as three in parallel for 250,000 volts, in chain 
connection to give 750,000 volts, or 3-phase Y to give 
433,000 volts between phases. They are capable of 


ngetag 
P. . 

MS t "A 
J de 


qm. 


T 

rd 

F 

p =~ 
é 

. 


Fig. 1. The Generator Room Showing Some of the General Electric Sine-wave Motor-generators 
Used to Supply Power to the Laboratory 


delivering large leading currents. Synchronous motors 
were selected for driving the generators because their 
characteristics are such as to insure a practically 
constant frequency for the generators. In the case 
of the 20/40-cycle machine, however, a direct-current 
motor was used to obtain variable speed. Power sup- 
ply for the synchronous motors is obtained from a 
commercial 550-volt, 60-cycle, 3-phase circuit. Power 
supply for the direct-current set is obtained from 
the a-c.-d-c. motor-generator. 


Equipment of High-voltage Laboratory 

- The apparatus in the high-voltage laboratory 
comprises: three high-voltage transformers, each 
rated 150/300 kv-a., 250,000-2300/4600 volts, 60 
cycle, equipped with voltmeter coil, protective 
choke coil, and film cutout; one 300,000-volt, 100- 
milliampere, direct-current, neutral-grounded kenotron 
set for high-voltage direct-current testing; one 750- 


operating for four hours at full voltage, or indefinitely 
at half voltage, with a temperature rise not exceeding 
50 deg. C. The power is supplied by the 750-kv-a. 
sine-wave motor-generator previously mentioned, 
and the transformer primaries are wound for 
two voltages (2300 and 4600), the maximum ever 
used being 2300. The reason for this arrangement is to 
permit the operation of the transformer secondaries 
at half voltage and yet have the sine-wave gener- 
ator operating at full voltage. 

The high-voltage kenotron set (Fig. 2) is of the 
full-wave rectifying type with grounded neutral. 
It consists of six rectifying units, each insulated for a 
maximum of 150,000 volts to ground. The main 
transformer used with the set is rated 25 kv-a., 
120,000 volts, and the smoothing condenser consists 
of four 0.02 microfarad units. The whole set is mounted 
as a unit on trucks so that it can easily be moved from 
one part of the laboratory to another. 
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The control table carries the master control 
switches for the electrically-operated generator circuit 
breaker, the field switch, and the field rheostats, the 
latter being mounted inthe generator room. Italso car- 
riesthe ammeters, voltmeters, and wattmeters for meas- 
uring the input and output of the high-voltage trans- 
formers. Duplicate sets of signal lamps are provided, 
one on the control table, and one on the laboratory 
wall, to indicate the position of all control switches. 
A further precaution against accidents consists of a 
hand-operated disconnecting switch in the feed line 
to the transformer primaries, which must be opened 


Fig. 6. Single-phase, 600,000-volt Arc Between Needle Points 


before any changes in the transformer connections are 
made. This switch is clearly visible both to the oper- 
ator on the balcony, and the assistants on the floor. 


Low-voltage Laboratory Equipment 

The equipment of the low-voltage laboratory 
consists of: the switchboard for the primary control 
of the motor-generators; a control table with the 
apparatus for controlling the 250-kv-a. motor-genera- 
tor, and the necessary measuring instruments; one 
100-kv-a., 100,000-250/500/1000-volt, 60-cycle trans- 
former with voltmeter coil, protective choke coil, and 
film cutout; four 20-kv-a., 50,000/100,000-250/500- 
volt, 60-cycle transformers, with voltmeter coils; 
three 15-kv-a., 25,000 /50,000-250 /500 / 1000-volt, 
60-cycle transformers with voltmeter coils; six 
22,000—110-volt, 200-watt potential transformers; and 
one 50-kv-a., 12,500 /25,000 / 37,500 /50,000-220- 
volt, 25/60-cycle transformer. 
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The bank of four transformers is arranged for 
excitation either from one of the motor-generators, 
or from auto-transformers located at the rear of the 
generator control panel. It is principally used tor 
single- or three-phase life tests. The bank of three 
transformers is used for dielectric loss tests on short 
samples, or reel lengths of cable. 

There is also a quantity of accessory apparatus 
located in this laboratory, among which may be 
listed: an electric oven for heat testing samples; 
a Hoopes Conductivity Bridge, and accessories; 
two dielectric loss sets; insulation and direct-current 


Fig. 7. Three-phase, 450,000-volt Arc Between Needle Points 


capacitance sets; a 1000-cycle capacitance and power- 
factor bridge; a capacitance unbalance bridge; an 
inductance bridge; an ozone generator; vacuum 
pump and tanks; oil testing apparatus; and an oscillo- 
graph and its accessories. 


The Ground System 

Elaborate precautions have been taken to make 
the ground system of the laboratories complete. Six 
two-inch well points have been driven to a depth of 
16 ft. at various points in the laboratory, and securely 
bonded together by No. 2 stranded copper wire. The 
entire system is further connected to a 3-ft. square 
copper plate which is buried in charcoal. All the steel 
work of the laboratory buildings is connected to this 
ground system. Wires are brought up at various 
points to ground plates on the walls or posts, to 
furnish a convenient ground connection for the various 
pieces of apparatus. 
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A Unique Installation of Lightning Arresters at the Crystal 
City Substation of the Pittsburgh Plate Glass Company 


Experience Showed Concentration of Disturbances at Terminal Tower—Oxide-film Arresters Chosen— 
Unusual Electrical and Mechanical Problems of Installation 130 Feet Above Ground 


By A. L. HARRINGTON 
Electrical Engineer, Pittsburgh Plate Glass Company 


' VARIATION in the way 
of installing high-tension ~ 


lightning arresters was re- 
cently made at the Pittsburgh 
Plate Glass Company’s 115/2.4- 
kv. substation on the 35-mile 
double-circuit tower line of the 
Union Electric Light and Power 
Company at Crystal City (Mo.), 
located on the bank of the Missis- 
sippi River below St. Louis. 1) 

In brief, the substation high- 
tension apparatus consists of two 
incoming circuits connected to 
154-kv. (insulated for 135-kv.), 
motor-operated, pole-top switches; six strings of 
twelve strain-insulator disks; six 135-kv., three-high 
pillarinsulators; two 135-kv. oil circuit breakers; and 
two 10,000-kw., 115 kv./2.4-kv., three-phase, air-cooled 
transformers, all apparatus being outdoor and enumer- 
ated in their order from the line. The two high-tension 
lines have no common connection but there is a 
common low-tension bus. A diagram of the conductor 
arrangement prior to the installation of lightning 
arresters is shown at the left in Fig. 1. In the photo- 
graph of the tower, which appears as Fig. 2, the left- 
hand half of the tower is shown wired according to 
this same arrangement. A close-up view of these 
connections at the top of the tower is given in Fig. 3. 

After the substation had been put into service 
about the middle of May, 1925, it was realized that 
the lightning storms of that summer were very severe, 
this fact being further indicated by serious interrup- 
tions in the service of other transmission companies. 
Arc-overs occurred over the 12 disks at the line dead- 
ends, at the pole-top switches, and at the pillar 
insulators near the oil circuit breakers. The line dead- 
end insulation was increased to 15 disks and again 
arced over; the clearances were about 9 ft., 4 ft., and 
4 ft. at the arc-over points, whereas the minimum 
clearance was 34 in. near the transformers. Every 
insulator on the structure, whether of the disk or pillar 
type, was arced over but with no damage to any. At 
the end of the season ten arc-overs occurred on the 
tower (in some cases two arcs appeared simultaneous 


(1)The details of the line are described in a paper, ‘Mississippi River 
Crossing of the Crystal City Transmission Line,” by H. W. Eales and E. 
Ettlinger, Jour. A.I.E.E., Oct., ar pi 1106; and those of the substation 
in ‘‘Purchased Power as Applied to Plate Glass Manufacture," by A. L. 
Harrington, Jour. A.J.E.E., May, 1925, p. 463. 


When the voltage of a trans- 
mission line builds up to 10 
or 15 times normal due to light- 
ning, something has to be done to 
take care of the severe stresses im- 
posed on the imsulation. Extra 


insulation does not always suffice 
but lightning arresters furnish the 
solution. There is here described a 
novel installation which was made 
under unusual difficulties. 


and were counted as one); two 
were located on the line about 
two miles from the substation, 
breaking one disk; and one was 
not located. In spite of these 
occurrences of arc-over the inter- 
ruptions to service added up to 
only a few minutes for the season. 

As all insulators and bushings 
at the main station, substation, 
and line were identical unit for 
unit, it was apparent that some 
conditions were present which 
made the substation the overflow 
of the system. Although no por- 
celain was broken and virtually no other damage 
was done, it was realized that the apparatus could 
not be expected to withstand 8 or 9 ft. arcs indefi- 
nitely and that at least the worst stresses should 
be reduced. Oxide-film arresters were chosen for 
this purpose, and then their arrangement from both 
the electrical and mechanical standpoints was 
studied. 

Analyses of the arc-overs, their location, length, and 
frequency indicated that 300,000 to 400,000 volts 
would be absorbed in going from the line dead-end to 
the vertical wire and that to secure continuity of 
service it was far more necessary to protect the porce- 
lain parts on top of the tower than the apparatus 
bushings or transformer windings, both of which 
seemed to be about ‘‘100 per cent proof.” 

The writer became convinced that the maximum ` 
value of the arrester could be utilized only by attach- 
ing this device to the line in the most direct way pos- 
sible and by making the discharge path through the 
arrester as straight as possible. 

From a mechanical standpoint the tower was highly 
stressed by the 1600-ft. spans of 14-in. copper-clad lines 
and wind pressure, and consequently the location of the 
arresters on any but the tension side of the tower was 
out of the question. As each tower is only 30 ft. wide a 
flat arrangement of the usual form of arrester, having 
two stacks per phase, could not be employed and if 
the same double stacks were turned edgewise to tower 
the mechanical load, due to cantilever action, would 
call for knee braces 30 ft. long, so that the load on the 
tower would be too great. Accordingly, a single-stack 
design was called for and produced; these stacks 
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being the highest for this voltage and outdoor use 
ever manufactured. 

With the stacks arranged in a satisfactory electrical 
and mechanical manner (Fig. 4), there remained the 
design of the sphere gaps. If the gaps were set on the 
edge of tower, a “question mark” shaped conductor 
would be required to connect them to the stacks, 
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Fig. 1. On the Left a Diagram of the Conductor Arrangement on the Fig. 3. A View of the Original Arrangement of Connections 
Tower Before the Installation of Lightning Arresters; on the Right a to the Down-going Conductors 
Corresponding Diagram Showing the Present Connections with 
Lightning Arresters, Floor Bushings, and Strain Choke Coils 


Fig. 2. Photograph of Terminal Tower Taken During the Reconstruction Fig. 4. The Mounting of One of the Two Sets of 110,000-volt 
Period. At the left is shown the original installation of equipment at the Oxide-film Lightning Arresters and the Floor Bushings 
tower top before the changeover, and at the right the improved installation 
which has now been made on both halves of the tower 
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and this was objectionable. In addition they would 
not be conveniently accessible. Accordingly, arrange- 
ments were made as shown at the right in Fig. 1 
and in the cover illustration of this issue. The 4/0 
power wire goes through the 135-kw. floor bush- 
ing and carries at the bottom of its 100-ft. length 
a strain-type choke coil and a 1000-lb. weight which 
is also supported laterally by a horizontal insulator 
with a hinged base designed to swing the weight 
away from the transformer bushing in the event of a 
break in the taut power wire. The live side of the gap 
is supported on top of the bushing by means of a steel 
pipe around the glass oil reservoir; the dead side of 
gap is supported in the usual way. With a coating 
of sleet there may be a dead weight of 2000 lb. on 
the floor bushing. 7 

Each arrester is grounded to the tower and 4/0 
copper cables are carried independently of the tower 
to the grounding system. 

The screen on the side of the tower behind the stacks 
is of 3g-in. round iron rods on about 18-in. spacing and 
acts as a guard and staging support for workmen. 

While not shown clearly in any of the photographs, 
there is a steel-plate platform between the base of 
the stacks and the tower. The inner edge of this 
platform, as well as the 8-in. H-beam which supports 
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the bracing insulators, are supported vertically by 
the rods of the screen, which in turn are supported 
by the latticed girder at the top of the tower. This 
method thus avoids the otherwise stiflening arrange- 
ments required to hold up the 30-ft. horizontal 
members. 

There is also a narrow footway installed between 
these two platforms so that the bottom of the stacks 
is accessible from the stairway. 

The installation of the arresters was carried out 
during November and December, 1926, under trying 
weather conditions of cold, sleet, and wind. While the 
steel work was being put in, the stacks were assembled 
in the temporary house shown in foreground of Fig. 2. 

This shed was constructed with a removable roof 
and was mounted on rollers which permitted the shed 
to be moved from the vicinity of the towers while 
the assembly of the stacks was in progress. This 
procedure avo:ded the possibility of the men within 
being injured by anvthing accidentally dropped by 
the steelworkers who were constructing the arrester 
supports on the tower above. 

After the assembly of the stacks was completed, 
the shed was moved to the proper position and a 
specially constructed hoist was used to remove the 
roof and raise the stack to the supporting girder. 


Current Pulsation Between Two Oil-engine Driven Gener- 
ators Operating in Parallel in an Isolated Plant 


Derivation of Method for Calculating—Method Applied to an Installation—Modification for Low 
Power-factor— Tests Confirm Accuracy of Method 


By B. O. BUCKLAND 


Turbine Engineering Department, General Electric Company 


HEN synchronous generators are coupled 

W to reciprocating engines, the effect of the 

varying angular velocity of the rotating parts 
is to produce variations in the electrical torque of the 
generators. For a number of years, calculations of 
the sizes of flywheels for engine-driven alternators 
were made without taking into account this variation 
of electrical torque. The torque due to the electrical 
load on the alternator was assumed to be constant 
and equal to the average torque of the engine. Then 
the angular deviation of the shaft from a position of 
uniform rotation was calculated from the crank-effort 
diagram of the engine and the inertia of the rotating 
parts. A flywheel size was then chosen which would 
limit this calculated angular deviation to a certain 
value, usually +314 electrical degrees. 

It was later realized that this method of calcula- 
tion which gives consideration only to angular devia- 
tion did not always give results that would insure 
satisfactory operation. For example, in cases where 


the natural period of oscillation of the rotating parts 
due to their inertia and to the synchronizing torque 
of the generator was near one of the forced frequencies 
of the engine, 1t was found to be necessary to intro- 
duce a second limitation which is the requirement 
that the natural period of oscillation should be at 
least 25 per cent away from the nearest forced fre- 
quency of the engine. 

The general theory underlying the accurate calcu- 
lation of the angular deviation of the rotating parts 
from uniform rotation has been understood for some 
time. However, accurate methods have not been gen- 
erally applied, probably on account of the labor 
involved in the computations before quick methods 
were developed. 

In a paper published in 1920 by R. E. Doherty 
and R. F. Franklin“) an analysis was made of the 
problem in which a synchronous machine is connected 
to an infinite electrical system and the foregoing 


Q)A.S.M.E. Trans., Vol. 42, p. 523, Dec., 1920. 
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two-limit rules for establishing the size of flywheels 
were applied using as a basis an allowable current 
pulsation of 50 to 60 per cent. 

As a result, instead of using angular deviation and 
natural frequency as limits when calculating fly- 
wheels for synchronous motors, engineers began to 
use only one limit; viz., 60 per cent current pulsation. 
Applications of this new method are described in 
several articles by A. R. Stevenson, Jr.® All this 
work, however, dealt with machines connected in what 
are called infinite systems. 

In June, 1922, Mr. Stevenson worked out a method 
for calculating the power pulsations between two 
engine-driven generators in an isolated plant; t.e., 
where the characteristics of an infinite system were 
not present in the load. By the following year, the 
method had been extended by H. V. Putman®) for 
application to three or four machines in parallel. 
At that time, however, no experimental check was 
made on the applicability of the method. 
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communicated to the engine builder. These formulas 
led the engine builder's engineer to believe that the 
generators in question could be paralleled satisfactoril y 
He tried this and found the generators would operate 
in parallel even with the engine cranks synchronized 
in the worst position. 

The success of this practical test at once suggested 
that valuable experimental checks of the Stevenson 
method of flywheel calculation could be obtained 
from this installation. The case was particularly 
interesting in that it represented what appeared to 
be the borderline condition, since contradictory pre- 
dictions resulted from the use of the old and the new 
flywheel formulas. Accordingly, a field study of the 
parallel operation of these units was arranged for and 
carried out. Readings of the mechanical and electrical 
conditions under various arrangements of parallel 
operation were taken. 

The results which were worked up later from these 
tests have shown that the Stevenson method is in 


Fig. 1. 


An Installation Investigated 

About the time that these methods were developed 
two alternators were furnished by the General Elec- 
tric Company for operation with single-cylinder, 
four-cycle oil engines. One of these units was for 
emergency operation only, and the two generators 
were not intended to be run in parallel. By the old 
method of calculation these engine-driven generators 
when operating at one-quarter load would have +714 
electrical degrees angular deviation, which was over 
twice the allowable limit in use at that time. The 
natural mechanical frequency, however, calculated 
from the formula “) 
| 35,200 | PoJ 
r.p.m. Y WR? 
was 33.8 beats per minute, which is 60 per cent away 
from the lowest forced frequency. 

It was shortly after these units were installed that 
Mr. Stevenson's formulas were put into shape and 


(?)"*Error Due to Nenlecting Electrical Forces in Calculating Flywheels 
for Reciprocating Machine riven by Synchronous Motors,” GENERAL 
ELECTRIC Review, Vol. XXV, No. 11, Nov., 1922, p. 690. 

“The Flywheel Problem in Compressors Direct Connected to Syn- 
os Motors,” Refrigerating Engineering, Vol. 11, No. 4, Oct., 1924, 
p. Í 
“A Short Method of Calculating Flywheels,’ GENERAL ELECTRIC 
Review, Vol. 28, No. 8 and 10, Aug. and Oct., 1925, pp. 580 and 731. 

(3)'*Oscillations and Resonance in Systems of Parallel Connected Syn- 
chronous Machines,” Jour. Franklin Inst., May and June, 1924. 

(4) Design of Flywheels for Electrically Driven Machinery,” by R. E. 
Doherty and R. F. Franklin, A.S.M.E. Trans., Vol. 42., Dec., 1920, p. 534. 


Oscillogram Showing the Pulsating Nature of the Load Current. Test made with two prime movers firing one revolution apart 


excellent agreement with the facts attending actual 
operation. 


Tests 

Six tests were made in all. A description of the prime 
movers, the electrical generating equipment, and the 
load, together with the apparatus used for the tests, 
will be found in the appendix to this article. 

Test No. 1: One engine and generator only. This 
test was run for the purpose of determining the char- 
acteristics of the load. 

Tests No. 2, 3, and 4: Run with both units sharing 
the load equally. The two engines were synchronized 
one revolution apart, representing the condition in 
which the pulsations of load current would be greatest. 

Tests No. 5 and 6: Both units in operation and the 
engines synchronized with their power impulses 
coinciding as nearly as possible, the generators 
being two pole-pitches apart (1 cycle). 


Discussion of Results 

Important results were obtained from Tests 2, 3, 
and 4, in which the two prime movers were firing 
one revolution apart. Fig. 1 shows an oscillograph 
record of the load current taken in Test 2, the pul- 
sating nature of the current being quite apparent. 
In Fig. 2 the envelope of the oscillogram has been 
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plotted as the current pulsation in the circuit (given 
by the full line, Curve O), together with the cal- 
culated curves (shown dotted) which were obtained 
by the use of Mr. Putman's extension of the Steven- 
son method with a correction for the very low power- 
factor of the load which will be described later. 
Curves A and B in Fig. 2 may be explained as 
follows: Curve A was calculated with equal torque 
efforts and Curve B with separate torque efforts as 
recorded. Each machine carried approximately half 
the total load. Therefore, one calculation was made 
assuming the torque effort of Engine No. 2 to be the 
same as that of Engine No. 1 on which the indicator 
card was taken during this test. This gave Curve A. 
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Calculated and Test Curves of Current Pulsation from One 
Engine-driven Generator in Parallel with Another with 
the Cranks Synchronized One Revolution 
Apart (Test 2) 


Curve A—Calculated from equal torque efforts. 

Curve B—Calculated using separate torque efforts. Derived from 
Curve 4, Fig. 3, by using a constant reactive component 
of current of 9.85 amp. ‘ 
amplitude of line current from this curve B is 62 amp. 
Full-load line current at 0.8 p-f. and 222 volts is 281 amp. 
Percentage pulsation at 281 amp. is 22. 

Curve O—Taken from oscillogram. 


Fig. 2. 


The calculation which gave Curve B was made 
assuming that the torque effort of Engine No. 2 
was the same during Test 2 as it was during Test 3. 
This was permissible because the total load did not 
change appreciably during these tests. The indicator 
was used on Engine No. 2 during Test 3 and this 
made it possible to find the torque effort of that 
machine. 

The power-factor was very low in these tests. In 
Test 1 it was 0.471. For this reason the line current 
pulsation was not proportional to the power pulsation 
as it would have been in the case of unity power- 
factor or a power-factor very close to unity. Mr. 
Putman's method calculates only the power pulsation, 
or the current pulsation at unity power-factor. Con- 
sequently, it was necessary to calculate the line current 
pulsation from the power pulsation of the alternator. 
In these tests reactive current was so large that any 
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slight variation in it could be neglected. Therefore, 
the reactive component of current was assumed con- 
stant and the line current calculated by taking the 
square root of the sum of the squares of the constant 
reactive component and the power component. The 
power component of current was found by adding 
the average power component to the pulsation of the 
power component which is proportional to the power 
pulsation of the alternator as calculated by Mr. Put- 
man’s formulas. 

Fig. 3 shows the power component of current from 
the alternator of Unit No. 1 for Test 2 and the various 
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Fig. 3. Pulsation of Power Component of Current (Test 2) 


Curve !—Power current pulsation due to Engine No. 1. 

Curve 2—Power current pulsation due to Engine No. 2. 

Curve 8$— Average power component of current. 

Curve 4—Power component of current from Generator No. 1 due to 
both machines. The sum of current values of Curves 1, 
2, and 3. Amplitude 147.5 amp. 

Full-load power component at 222 volts =225 amp. 

47.5 65.5 

225 di 

Therefore per cent full-load torque pulsation = 65.5. 

Apparently tie torque reverses shortly after the firing of Engine 

o. 2. 


Per cent full-load power current pulsation = 


parts of the power current as it was calculated. It can 


-be seen that the power pulsation is 65 per cent of full- 


load power, whereas due to the low power-factor the 
line current pulsation is only about 20 per cent of full- 
load line current. 

Mr. Putman's formulas neglect the power pulsation 
caused by the amortisseur windings. In the calcula- 
tion of these curves this was not neglected since it 
did not involve a great amount of work to include it. 
In Tests 3 and 4, the readings were taken on Unit 
No. 2. l 

The curves calculated for these tests are not in- 
cluded here, since they are closely similar to those 
already given. 

In Tests 5 and 6 an attempt was made to account 
for the pulsations due to the load and unknown dis- 
turbances in order to check more closely the cal- 
culated and observed results. In these tests the two 
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engines were synchronized to fire nearly in unison, 
so as to make the current pulsation as small as possible. 

The oscillogram taken in this test showed that the 
current pulsation did not repeat every two engine 
revolutions but was not long enough to show how 
many revolutions were necessary for a complete 
period. It was noted, however, that the values of 
current were very nearly equal at the beginning and 
at the end of six engine revolutions. The conclusion 
was drawn that the character of the load was respon- 
sible for irregularities in the curves. 


Conclusion 

The calculated current pulsation under those test 
conditions in which the current pulsation caused by 
the load was negligible (Tests 2, 3, and 4) agreed well 
with the current pulsation that was measured by the 
oscillograph. This agreement indicated that the 
methods of calculation developed by Messrs. Steven- 
son and Putman, when corrected for power-factor, 
applied accurately to the calculation of current 
pulsation. 

The tests in which the total pulsation between the 
machines was small (Tests 5 and 6) could not be 
calculated with the data furnished. The part of the 
pulsations between the machines due to the load 
was a large part of the total pulsation and therefore 
could not be neglected. It was hoped to account for 
this load pulsation, and the attempted analyses are 
described in this article. The indications were however 
that, with the light load on the machines and the 
small pulsations of power between them, the governors 
had a tendency to hunt. 

One of the significant results of the investigation 
was the fact that a modification of the present method 
had to be introduced to take care of the low power- 
factor of the load. As has been shown, the power 
pulsation curve would not check with the oscillograph 
record of current pulsation on account of the large 
reactive component present in the current. By assum- 
ing this component constant, it was possible to arrive 
at a theoretical value of current pulsation as shown in 
Fig. 3, which checked accurately with the oscillograph. 

It was not found possible to account for the pulsa- 
tions due to load, which appear in Fig. 2, by calcu- 
lation. These pulsations however were so small as 
not to affect the accuracy of the checks. 


APPENDIX 
Description of Apparatus 
Engines 
The engines are of the horizontal semi-Diesel type 
with the following general characteristics: 
(a) Four-stroke cycle 
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(b) Single-acting single-cylinder 20-in. dia. by 34%- 
in. stroke 

(c) 164 r.p.m. 

(d) Ratio of connecting rod length to crank radius 
4.79 

(e) Weight of reciprocating parts per sq. in. of 
piston area=7 lb. 

(f) WR? of flywheel 612,000 Ib. ft.? 


Alternators 

The alternators are of the two-phase type with 
amortisseur windings and 44 poles, and are rated 
125 kv-a. at 0.8 power-factor, 240 volts and 60 cycles. 

P,, which is the power output of the generator per 
electrical radian displacement of the rotor from the 
zero or no-load position with respect to the terminal 
voltage, is taken for the purpose of tests as 200 kw. 
From this the synchronizing torque 7, 1s calculated by 


P 
T,=7040—— 


X1 ft. 1b. 
r.p.m. 2 


where q = number of poles. 


Fig. 4. Wiring Diagram of the Circuits and Instrument 
Connections Employed in Making the Tests 


The damping torques T¿ can be calculated from 
the torque developed when running on the amortisseur 
windings as an induction motor at 95 per cent syn- 
chronous speed with full voltage applied. This value 
for these generators is 60 kw. 74 1s the torque pro- 
duced by a slip of one radian per second with respect 
to the armature voltage. It is 2995 ft-lb. per radian 
per second for the generators in this test. 

The WR? of each generator rotor is 15,000 lb-ft.’ 


Testing Equipment 

The equipment used in these tests consisted of an 
oil-engine indicator for taking indicator cards, an 
oscillograph and meters, current transformers and 
multipliers arranged as shown in Fig. 4. 

The oscillograph had three elements: one measuring 
line current and one measuring field current on 
Machine No. 1, and the third connected to contacts 
on the cranks of each engine. These contacts caused 
the oscillograph to record the relative positions at 
which the cranks of the engines were synchronized. 
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Metal Railroad Ties Constructed From 
Scrap Rails 


Metal More Durable Than Wood—Bolts and Rivets Eliminated by Welding— 
Rail Fasteners and Insulators—Tests in Service 


By WILLIAM DALTON 
Manufacturing General Department, General Electric Company 


HE purpose of a railroad tie 
| is to hold the rails to gauge 
and to prevent vertical 
deflection under concentrated 
wheel loads. These loads may be 
as great as 40,000 lb. per wheel 
in the case of locomotives. The 
soil upon which the ties are laid 
is resilient and is usually capable 
of supporting only 6000 to 8000 
lb. per sq. ft. In order to limit 
the bending and fatigue of the 
rail, each tie should have its 
lower bearing surface made as 
large as possible. Minimizing the 
deflection of the rails under the 
wheels also reduces the hauling power required. 
For design calculation, a tie may be considered as 
a beam supported at two points five feet apart with a 
uniformly distributed load. It is subjected at the top 
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We are today using many 


because no satisfactory 
substitute has been found. For 
example, the whole metallic struc- 
ture of the railroads has been 


built upon the wood tie. 
metal tie has long been regarded 
as the logical substitute, but eco- 
nomic factors and mechanical 
difficulties have stood in the way. 
This article appears to furnish the 
long awaited solution.—EDITOR 


Such conditions can be met in 
tie construction by the use of 
timber, steel, or reinforced con- 
crete. Timber has universally been 
used because of its low cost and 
adaptability to track construc- 
tion. In most all other modern 
structures, it is no longer used 
as a beam. The constantly in- 
creasing cost and decreasing 
quality of timber ties, and the 
possibility of getting much more 
structural strength per dollar 
from other material, has led to an 
investigation of possible substi- 
tutes. This investigation assumes 
even greater importance when it is realized 
that the speed and safety of trains are now limited 
as much by the strength of the track as by any 
other factor. 


are admittedly 


The 


y 


y ee PER ae at T. a h 


E 


Fig. 1. 


to a severe side pull due to the tractive effort of the 
locomotive, or to the drag of the train when the 
brakes are applied. All movement of the tie in the 
ballast must be prevented and the tie so proportioned 
that it will not be tipped over by the pull of the rail 
through its anti-creeping device. 
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A Typical Section of Track Using Arc-welded Ties Made from Scrap Rails 


A study of various designs shows that reinforced 
concrete is not well adapted for making cross ties, 
but rather that a continuous concrete slab is better 
suited as a foundation for the track. The design 
of such a slab presents more difficult problems 
than the design of a metal tie and the solution 


308 June, 1927 


of these problems makes the concrete slab more 
expensive. 

Taking up the design of a steel tie, three distinct 
problems are encountered, wz., the tie design, the 
design of a dependable rail clamp, and the production 
of a cheap insulator for main line signaled service. 
The first two problems must be solved as one; but 
the third can be considered separately, since about 40 
per cent of the present track is located in yards and 
sidings and is not signaled. 


Fig. 2. 


Various Designs of Welded Ties. The one at the 
bottom is made from scrap rail 


Tie Design 

The H-section beam gives the maximum strength 
per pound of metal. When used as a tie, however, it 
slides very easily in the ballast in both directions. This 
movement can be stopped by fastening bars to each end 
of the tie beam and making these bars the same length 
as the spacing of the ties in the track. The tie 
beam must be wide at the bottom to provide 
bearing surface on the ballast, and it must be wide 
enough on top to give sufficient bearing against the 
rail to prevent the anti-creeping device from tipping 
it. The punching of any holes in the tie-beam flange, 
for rail clamps or fasteners, weakens the flange. 
This can be avoided by fastening separate plates to 
the tie beam. If the rail fasteners are placed on the 
outer edge of the beam, the wave action on the rail 
strains the fasteners severely and the flange of the 
tie beam is also fatigued at its junction with the web. 
It is, therefore, better to use fasteners located over 
the center of the tie. These conditions can best be met 
by using two beams held together at the top by a tie 
plate and at the bottom by the end bars needed to 
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prevent movement in the ballast. Using two beams 
instead of one gives the greatest bearing surface on 
the ballast with a minimum height. As the edges of 
the tie plate can be placed over the center of the top 
flange of the tie beams, the wave action of the rail 
throws the load directly over the webs of the beams 
instead of on the outer edge of the flanges. Such a 
design also reduces the number of rail clamps to a 
minimum. 

Arc welding has been tried as a means of fastening 
the parts together; and a year’s test, under severe 
track conditions, has demonstrated its value for this 
service. The use of welding makes a variety of designs 
possible, some of which are shown in Fig. 2. If made 


P 


For all Rail Sections 


Fig. 3. Rail Fastened to Metal Tie by a Type of Clamp Suitable 
for a Variety of Different Rail Sections 


Rail Section Has Been Adopted as Standard 


of new metal, the cost will prohibit the economical 
use of any of these designs at the present time; but, 
if made of scrap material, they are worthy of careful 
consideration. As the welding becomes the largest 
item of cost, next to the material, the arrangement 
which uses the least amount of welding will prove to 
be the cheapest. 

Worn rail, which is taken from the track in large 
quantities yearly, offers a very convenient supply of 
scrap material for this purpose. By the use of auto- 
matic welding machinery, the “worn rail” tie can be 
produced for about 60 cents, to which the scrap value 
of the old material must be added. This value, how- 
ever, will be recovered when the tie is discarded. The 
cost of the tie plate, which must also be added, will 
be the same as for wood ties. 


Rail Fasteners 

To make a fastener for a metal tie, it is necessary 
first to decide whether the tie should be made suitable 
for any section of rail or if it is satisfactory to limit 
its use to a particular section that is standard for the 


METAL RAILROAD TIES CONSTRUCTED FROM SCRAP RAILS 


road in question. Since the gauge of the track is a 
constant, the rail fasteners for general use would be 
required to accommodate three variables: thickness 
of rail head, which governs the distance center to 
center of the rails; width of flange; and thickness of 
flange. The design of a fastener for a special section, 
however, would be affected by the flange thickness 
alone, the range of which is small. The standardiza- 
tion of the width of rail heads and flanges and thick- 
ness of flanges becomes a matter of great importance 
when metal ties are considered. The fastener must 
be safe and secure under the hammer-blows from 
heavily loaded and rapidly moving wheels. It must 
be simple and quickly applied without the use of 
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quickly than the rail can be spiked to gauge on wood 
ties. The tests show that four spikes driven in a wood 
tie will fail under side loads ranging from 12,000 to 
15,000 lb. Furthermore, the tests show that the 
clamping devices just described are ten times as 
effective in keeping the rails from spreading. 


Insulator 

It is an easy matter to make a track insulator, but 
it is difficult to make a cheap one that will stand heat, 
cold, moisture, acid, alkalies, and the severe mechani- 
cal punishment to which it is subjected between the 
rail and the tie plate. It must be able to withstand 
at least 1000 lb. per sq. in. pressure and also the abra- 


Fig. 5. A Close-up of the Metal Tie and in the Background the Type of Tie 
it is Designed to Supersede 


special tools. Many designs are based on the use of 
bolts and rivets, but these tend to rattle loose in 
service and require constant attention. Two designs 
are shown in Figs. 3 and 4. The former is for a uni- 
versal tie plate which will take any section of rail by 
making the rail clamp suitable for that particular 
section. It is made of rolled shapes sheared to length. 
It has stood a year's trial in service without showing 
any sign of weakness and has required no attention 
from the track men. The other design is simpler. 
It is applicable only to ties made for a particular 
section of rail as the flange on the tie plate is 
used to keep the rail from spreading. It also can 
be applied quickly and pried loose with ordinary 
track tools. 

By test it has been found that these metal ties are 
very satisfactory in service. They have a greater 
bearing surface on the ballast than have wood ties. 
There is no movement of the tie in the ballast. The 
rail clamps are more dependable than spikes and the 
tie can be put in place and clamped to the rail more 


sion due to the creeping of the rail. Several materials 
are being investigated, but it will take a long time to 
make the necessary service tests to determine the 
cheapest satisfactory material. Canvas impregnated 
with bakelite promises good results. It withstands 
shock and wear when used in gear teeth and, appar- 
ently, has all the necessary qualities. This investiga- 
tion will be continued as the metal tie and fasteners 
have proved their dependability in yards and are now 
available for insulator tests. 


Summary 

The present tendency in railroad service is toward 
heavier trains and higher speeds. Train speeds are 
now limited by the strength of the track. It may take 
years of experience with installations in yards and 
sidings to establish confidence in any substitutes for 
the present main-line construction. The purpose of 
this article is to point out one substitute that is many 
times stronger than the wood tie and one which can 
be tried extensively at a very low cost. 
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The Characteristics of Tungsten Filaments 
as Functions of Temperature 


PART I 


By DR. HOWARD A. JONES and DR. IRVING LANGMUIR 
Research Laboratory, General Electric Company 


Tungsten filaments are of value not only in incandescent lamps and radio tubes, but are being used more and 
more in purely scientific and engineering investigations where high temperature measurements are involved. The 
extreme temperatures at which the tungsten filament can be operated render 1t particularly suitable for these purposes. 
For example, light of an accurately defined color and brilliancy can be obtained by heating a tungsten filament to a 
definite temperature. Chemical reactions can be quantitatively studied at temperatures otherwise hardly obtainable 
by bringing gases into contact with these filaments. The pressure and even the composition of gases at low pressures 
can be determined by measuring the heat losses from filaments. 

For all these purposes it is important first to know accurately the characteristics of tungsten filaments in vacuum 
at various temperatures. Such data have been published in tabular form in this magazine, and elsewhere, in 1916. 
Later investigations of the properties of tungsten have resulted im more accurate determinations of the values over a 
wider range of temperature. It is the object of this article to present this information in as convenient and complete 
form as possible. Special care has been taken to define concisely the quantities tabulated and to point out the pre- 
cautions that are necessary to avoid rather serious errors that have frequently been made in using data of this kind. 


The tungsten filament is used over a wide range of 
temperature by theoretical and practical workers. 
We believe, therefore, that it is of sufficient interest 
to bring together the latest and what we feel to be 
the most accurate data on the characteristics of 
tungsten filaments which are functions of temperature. 

Langmuir“) has described a temperature scale for 
tungsten based upon the candle-power of tungsten 
filaments. This scale, which was used to determine 
temperatures in all publications from the Research 
Laboratory of the General Electric Company at 
Schenectady prior to August, 1915, is based upon the 
formula 

11,230 


is eho 1 
7.029 — logio Ct ( ) 


T gives the temperature in degrees Kelvin and C’ 
is the apparent intrinsic brilliancy in international 
candles per cm.? projected area as actually pho- 
tometered through the glass bulb. 

In determining the melting point of tungsten, ®© 
the spectral emissivity of solid tungsten for A =0.667 u 
was determined to be 0.46 and taken to be inde- 
pendent of temperature. This value, £,=0.46 for 
A=0.667 u with Cz of Wien's equation assumed to 
be 1.439 cm. deg.-', was used by Langmuir to fix 
the temperature scale anew and was published? in 
March, 1916. 

Subsequently Worthing® Y  redetermined the 
spectral emissive power of tungsten for the red 
(A=0.665 u) and for blue (A=0.467 u) over a tem- 
perature range from 1000 deg. K to 3200 deg. K and 


()Langmuir, Phys. Rer. 6, 138 (1915). 

(2)Langmuir, Phys. Rev., 7, 320 (1916). See also GENERAL ELECTRIC 
REVIEW, 19, 208 (1916). 

(*) Worthing, Phys. Rer. 10, 393 (1917). 

(*)Forsythe and Worthing, Astrophys. Journ. 61, 126 (1925). 


found that the spectral emissive power decreased 
from 0.46 at 1000 deg. K to 0.40 at the melting point 
of tungsten (3655 deg. K) for A=0.665 u. 

*Forsythe and Worthing“ have recently published 
a complete table of the properties of tungsten. It 1s 
our purpose to consider here only those properties of 
tungsten which are of importance in connection 
with heated tungsten filaments. 

More recently, Zwikker, © in the course of a new 
series of determinations of the various properties of 
tungsten as functions of temperature, has checked 
Worthing’s values for the spectral emissivity of 
tungsten. Worthing's data on emissivity are thus 
used as the basis of the temperature scale in the 
present article. On this scale, the melting point of 
gold is the Day and Sosman® value of 1336 deg. K 
and C of Wien’s equation is taken as 1.433 cm. deg. 
(the value adopted in the International Critical 
Tables, 1926, Vol. I). On this scale the palladium point 
is 1829 deg. K™ and the melting point of tungsten 
comes out to be 3655 deg. K. & 

One of us® has recently published values for the 
watts radiatedand the resistivity of tungsten from room 
temperature to the melting point. These data which 
are in excellent agreement with Zwikker’s, werechecked 
through the kindness of Dr. W. E. Forsythe, of the 
Nela Research Laboratory, who read electrical char- 
acteristics at the same temperatures as the writers. 


*NOTE: Stead; J.J.E.E., vol. 58, p. 107, 1920; has published values for 
the character.stics of tungsten filaments between 1900 and 2700 deg. K. 
His temp riture data would have to be decreased by 100-150 deg. at 1900, 
and by 150-250 deg. at 2700 deg. K to agree w.th our values for the char- 
acter:stics of tungsten filaments. 

(5)Zwikker, Kontnkitjke Akademie Van Wetenschappen te Amsterdam 
Deel 34, No. 5. See also Physica 5, 249 (1925). 

(Y Day and Sosman, Amer. Jour. of Sci. 29, 93 (1910). 

(1) Hyde and Forsythe, Astrophys. Journ. 51, 244 (1920). 

(Forsythe and Worthing, Astrophys. Journ. loc. cit. 

(Jones, Phys. Rev. 1, 28, 202 (1926). 


CHARACTERISTICS OF TUNGSTEN FILAMENTS AS FUNCTIONS OF TEMPERATURE 


The data, which are presented in this article, 
have been used during the past two years by Dr. S. 
Dushman and Mrs. J. Ewald in a careful study 
of the electron emission from tungsten. Since 
they have repeatedly checked temperatures by 
means of different functions presented in this article, 
we are satisfied that the various functions, which 
may be used to determine temperatures, are self- 
consistent. 

Dr. K. H. Kingdon, of this laboratory, has calcu- 
lated the time rate of cooling for a tungsten filament 
from the known specific heat data for tungsten. He 
has recently made use of the filament temperature 
functions which are presented here to measure the 
rate of cooling experimentally for a tungsten filament 
covered with an adsorbed layer of caesium by the 
electron emission method and by this accurate 
and sensitive method obtains time values which 
are in good agreement with those calculated from 
our data. 

The characteristics of filaments are related in a 
simple way to the dimensions of the filament. 

Let us consider the case of a very long straight 
filament of uniform circular cross-section with diam- 
eter d and length 1, both measured in cm. Let 
us imagine the ends of the filament connected to 
leads which have the same temperature as the fila- 
ment itself, so that no heat is conducted away by 
the leads. We will further assume that the filament 
has been thoroughly aged! and consists of pure 
tungsten, having a definite specific resistance at a 
given temperature, and possessing a bright clean 
surface. A filament fulfilling these conditions we shall 
call an “ideal filament.” Actual filaments may differ 
from the ideal in the following respects: 

(1) The leads conduct away heat. 

(2) The filament may not be straight. 

(3) The surface may be rough or contaminated, 
changing its ability to radiate both heat and 
light. 

(4) Impurities or mechanical strains in the wire may 
alter its specific resistance. 

(5) Gases around the wire may conduct away heat. 


CHARACTERISTICS OF IDEAL TUNGSTEN 
FILAMENTS 
We shall first consider how the characteristics of 
an ideal filament vary with the length and diameter. 
Let 
W =energy input expressed in watts. 
R= filament resistance measured in ohms. 
A =filament heating current expressed in am- 
peres. 
V =potential drop over the filament measured 
in volts. 
+ This aging usually consists in heating the filament for 24 hours at 
2400 deg. K in a good vacuum. A more rapid aging, which attains the same 


final result, is to heat the filament for 1 hr. at 2600 deg. K or for 15 minutes 
at 2800 deg. K. 
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C=candle-power of the filament measured in 
| a direction perpendicular to its axis as seen 
through an ordinary lamp bulb. C= mean 


ec 4 
spherical candle-power multiplied by = or 


the total light output of the filament in 
lumens divided by 2’, 1.e., 

L=CXwm? gives the total lumens when C is 
defined as above and Lambert’s Cosine 
Law is obeyed. 

I=electron emission from the filament in 


amperes. 
M =rate of evaporation of the filament in gm. 
per sec. | 
H =specific heat of the filament in watt-sec. 
per degree. 


If the filament surface is uniform the energy 
radiated is proportional to the area. We may, there- 
fore, place Ww 


ld 


where lis the length of the filament and d its diameter, 
the cross-section being assumed circular. 

In a similar manner, since the resistance of a 
filament is proportional to its length and inversely pro- 
portional to the square of the diameter we may place 


E (3) 


From these relations we may now derive the fol- 
lowing since 


Ww (2) 


R' 


V=VWR and 
A=VWR 
EA | 
= Br (4) 
”) 7 /d 
y'=VVd 5) 
l 
poe NA 
V VA = > A (6) 


Since candle-power, electron emission and rate of 
evaporation are also proportional to the area we may 
write 

C 
Cz (7) 
ld 
The total light flux in lumens may be expressed as 


L'= Citar (8) 


The electron emission and the rate of evaporation 
are also proportional to the area. Hence we may write 


I 
f= 9 
ld (9) 
and 
M 
Ma 10 
T (10) 
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Since the specific heat is proportional to the vol- 
ume we may write 


H'=H/ld? (11) 


: 3 
The quantities W’, R', A’, V’, VVA', C’, L', 
I', M' and H’ may be called specific characteristics 
of the filament. These functions are -independent 
of the dimensions of the filament, but depend 
on the temperature. If we express both the fila- 
ment length (1) and its diameter (d) in cm., these 
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input, resistance. current, voltage, etc., which 
would correspond to a filament 1 cm. long and 1 cm. 
in diameter. 

The values of W’, R’, A’, C’, etc., for the range from 
room temperature up to the melting point of tungsten 
are given in Table I. The data in the table are eval- 
uated for filament dimensions measured at room 
temperature and assume a density of 19.35 for aged 
tungsten, a value obtained by measurements on 
filaments which have been run for a considerable 


functions are numerically equal to the watts length of time in good vacuum. 
TABLE I 
SPECIFIC CHARACTERISTICS OF IDEAL TUNGSTEN FILAMENTS 
1 2 3 4 5 6 7 8 
T Ww R'X 108 A’ Vv’ x 108 y’ VAX 102 Cc’ L’ 
W/ld (Ra?/l) x 104 A/d/s (V vd/t) x 108 (vamo C/id 1.02 C’ r? 
deg. K. watts cm.™? ohms cm. | amp. cm.” */s volts cm.” 4 volts amp. A cm. int. candles cm. lumens cm.”* 
References: (1), (2). (3) (1), (2) E l (3) (3) 

273 6.37 

293 0.0 6.99 0.0 0.0 0.0 

300 0.000100 7.20 3.727 0.02683 0.04161 

400 0.00624 10.26 24.67 0.2530 0.7365 

500 0.0305 13.45 47.62 0.6404 2.321 

600 0.0954 16.85 75.25 1.268 5.353 

700 0.240 20.49 108.2 2.218 10.57 

800 0.530 24.19 148.0 3.581 18.94 

900 1.041 27.94 193.1 5.393 31.17 
1000 1.891 81.74 244.1 7.749 48.42 0.00013 0.00131 
1100 3.223 35.58 301.0 10.71 71.78 0.0011 0.0111, 
1200 5.210 39.46 363.4 14.34 102.3 0.0065 0.0655 
1300 8.060 43.40 430.9 18.70 141.3 0.0285 0.286 
1400 12.01 47.37 503.5 23.85 189.8 0.107 1.08 
1500 17.33 51.40 580.6 29.85 249.0 0.343 3.44 
1600 24.32 55.46 662.2 36.73 320.1 0.956 9.60 
1700 33.28 59.58 747.3 44.52 404.0 2.40 24.1 
1800 44.54 63.74 836.0 53.28 502.0 5.27 53.0 
1900 58.45 67.94 927.4 63.02 614.6 11.27 113.3 
2000 75.37 72.19 1022 73.75 742.9 21.3 214.0 
2100 95.69 76.49 1119 85.57 888.2 38.9 391 
2200 119.8 80.83 1217 98.40 1051 65.9 662 
2300 148.2 85.22 1319 112.4 1232 106.8 1073 
2400 181.2 89.65 1422 127.5 1433 169.4 1702 
2500 219.3 94.13 1526 143.6 1654 255.5 2567 
2600 263.0 98.66 1632 161.1 1897 375.0 3770 
2700 312.7 103.22 1741 179.7 2162 548 5510 
2800 368.9 107.85 1849 199.5 2448 754 7575 
2900 432.4 112.51 1961 220.6 2761 1017 10220 
3000 503.5 117.21 2072 243.0 3097 1364 13720 
3100 583.0 121.95 2187 266.7 3461 1798 18070 
3200 671.5 126.76 2301 291.7 3852 2320 23300 
3300 769.7 131.60 2418 318.3 4273 2980 29950 
3400 878.3 136.49 2537 346.2 4723 3770 37880 
3500 998.0 141.42 2657 375.7 5202 4680 47000 
3600 1130 146.40 2777 406.7 5718 5700 57250 
3655 1202 149.15 2838 423.4 5994 6350 63800 


J 
es nec TT 


(1H. A. Jones, Phys. Rev. 1, 28, 202 (1926). 


(2)C. Zwikker, Physica 5, 249 (1925) and Proc. Roy. Acad. of Amster- 
dam 34, No. 5. 


(1 Forsythe and Worthing, Astrophys. Journ. 61, 126 (1925). 


(‘)Private communication from Dr. S. Dushman. To be published in 
the International Critical Tables. 


(3) These values are the weighted mean of those recently recalculated 
by the writers fram measurements on the rate of evaporation of tungsten 
filaments by Zwikker and by Langmuir (Phys. Ret. 2, 450 (1913) ). Lang- 
muir's temperature data were based upon the candle-power relation pre 
viously given by him, f.e., 

11.230 
T = 5029 — logn C’ (1) 


We find that his data on the rate of evaporation of tungsten come into 


CHARACTERISTICS OF TUNGSTEN FILAMENTS AS FUNCTIONS OF TEMPERATURE 


Determination of the Diameter of Tungsten Filaments 

For the large size wires a good micrometer 
may be used for measuring the diameter, but 
.for very small wires no micrometer is accurate 
enough. The most satisfactory way to obtain the 
diameter of such wires is to weigh a measured length. 
If w is the weight of the wire in milligrams per cm. 
of length, then the diameter in cm. is given by 
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remembered that they apply to ideal tungsten 
filaments, and that the cooling effect of the leads, 
and, in some cases, other factors must be taken 
into consideration before they can be applied 
with accuracy to actual filaments. The temper- 
atures (T deg. K) given at the left of the table 
are on the Kelvin or absolute (centigrade) scale. 
On this scale room temperature is approximately 


 (273+20) = 293 deg. The function W’ gives the 
observed energy input in watts, t.e., ‘back radia- 
tion” from a bulb assumed to be at 293 deg. K 


d=0.008112V/w 
in Table I 


(12) 
In using these data 1t must be 


TABLE 1 (Cont.) 
SPECIFIC CHARACTERISTICS OF IDEAL TUNGSTEN FILAMENTS 


1 9 10 11 12 13 14 15 
T 
T L'/W' =ef =e r M' R’ T/R' 53 H’ U'= f H'dT 4 
O E E ES ETE aa +, 3655 : 
L/W I/\d M ¡ld Rr/R23 H/id: U/ld? = la f mer = = 5 ao = | a 
T T 
deg. K. lumens watts”! amp. cm.”? g.cm.”? sec.”t watt-sec. cm.”3 deg. watt-sec. cm.—? sec. cm.—! 
References: (3) (4) (5) (1), (2) (6) 
273 0.911 2.078 362 
293 1.00 2.080 400 
300 1.03 2.081 415 387116.0 
400 1.467 2.090 613 22553.0 
500 1.924 2.10 815 6914.6 
600 2.41 2.12 1018 2818.5 
700 2.93 2.14 1226 1336.5 
800 3.46 2.16 1433 728.44 
900 4.00 2.18 1640 435.13 
1000 0.000693 3.36 X 1075 1.16 X107» 4.54 2.20 1854 276.92 
1100 0.00344 . 4.77 xX1078 6.81 x107% 5.08 2.22 2070 186.02 
1200 0.0126 3.06 X 107"! 1.01 X107% 5.65 2.25 2294 131.22 
1300 0.0355 1.01 xX107? 4.22 X107% 6.22 2.30 2586 95.818 
1400 0.0899 2.08 X10 7.88 X 10722 6.78 2.35 2820 72.018 
1500 0.199 2.87 X107 7.42 X107% 7.36 2.40 3055 55.368 
1600 0.395 2.91 X1078 3.92 X 107-5 7.93 2.45 3296 43.468 
1700 0.724 2.22 X 107% 1.31 KX 107% 8.52 2.50 3544 34.728 
1800 1.19 1.40 X 10~* 2.97 X 1075 9.12 2.55 3796 28.146 
1900 1.94 7.151074 4.62 X 1071 9.72 2.61 4060 22.976 
2000 2.84 3.15X10~ - 5.51 X107» 10.33 2.66 4320 18.906 
2100 4.08 1.23 X107 4.95X 10713 10.93 2.71 4585 15.706 
2200 5.52 4.17 X107 3.92 X107! 11.57 2.76 4861 13.136 
2300 7.24 1.28 X 107! 2.45 X 10710 12.19 2.82 5138 11.016 
2400 9.39 0.364 1.37 X10 12.83 2.87 5423 9.246 
2500 11.72 0.935 6.36 X10 13.47 2.92 5712 7.756 
2600 14.34 2.25 2.76 X 1078 14.12 2.97 6010 6.496 
2700 17.60 5.12 9.95 X 107 14.76 3.02 6305 5.426 
2800 20.53 11.11 3.51 X107 15.43 3.07 6610 4.506 
2900 23.64 22.95 1.08 X 1078 16.10 3.12 6923 3.706 
3000 27.25 44.40 3.04 X1078 16.77 3.18 7230 3.006 
3100 30.95 83.0 8.35 X 1078 17.46 3.23 7560 2.391 
3200 34.70 150.2 2.09 X 107% 18.15 3.28 7883 1.848 
3300 38.90 265.2 5.02 X 107% 18.83 3.33 8210 1.366 
3400 43.20 446.0 1.12 X107 19.53 3.38 8540 0.931 
3500 47.15 732.0 2.38 X 1074 20.24 3.43 8880 0.536 
3600 50.70 1173 4.86 X 1074 20.95 3.49 9230 0.17 
3655 53.10 1505 7.15 X 1074 © 21.34 3.52 9420 0.0 


agreement with Zwikker's more recent data when the Langmuir tempera- 
tures are corrected by means of an equation of the following form, which 
expresses the candle-power as given in this article as a function of tempera- 
ture, i.e., 
. 10.957 
6.797 —logio C’ 


The third law of thermodynamics was assumed in the calculations, 
and the general method, together with results obtained in this laboratory 


on the rate of evaporation of tungsten. molybdenum, platinum, silver, cop- 
per, nickel and iron, will be published in detail in the near future. | 
Equation (13) above should be used to correct temperatures which were 
based on equation (1) in all publications from the Research Laboratory of 
the General Electric Company at Schenectady prior to August, 1915. 
(*) Worthing('), Smith and Bigler(?) and Gaehr.(3) 

(‘)Worthing, Phys. Rev. 12, 199 (1918). 

(Smith and Bigler, Phys. Rer. 19, 268 (1922). 

(3)Gaehr, Phys. Rev. 12, 396 (1918). 


T (13) 
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has been taken into account at the lower filament 
temperatures. 

The functions given in Table I have been plotted 
on semi-logarithmic paper in Fig. 1. 


NOTES ON TABLE 1 


From equation (2) we see that the energy radiated 
by a tungsten filament in good vacuum is proportional 
to the area of the filament. Hence W” given in column 
2 of Table I is numerically equal to the energy input 
for a filament of unit length and unit diameter. 

The function W” is used in estimating the tempera- 
ture of filaments in experimental work when both 
the length and the diameter are known accurately. 
This method proves in practice to be much more 
accurate than those based on current (A’), voltage 
(V’) or resistance measurements (R’), but less ac- 
curate than those based on optical measurements 
(C’). Unfortunately the function W’ cannot be used 
when the filament is surrounded by gas. | 

From equation (3) we see that the resistance of a 
filament is proportional to its length and inversely 
proportional to the square of the diameter. Hence 
R', given in column 3, Table I, is a function of the 
temperature only and is numerically equal to the 
resistance of a filament of unit length and unit 
diameter. 

The function R’ has the advantage that it can 
be used in estimating the temperature of filaments 
surrounded by gas, or even when the surface is 
tarnished, thereby changing its emissive power for 
watts and for light. In this case the functions W’ 
and C’ are no longer applicable. 

In practice, however, the function R’ proves to be 
one of the least accurate methods of estimating tem- 
peratures for the following reasons: 

(1) The resistance increases relatively slowly 
with the temperature as compared with most other 
properties used for temperature estimation. 

- (2) The resistance and its temperature coefficient 
are very sensitive to traces of impurities (carbon). 

(3) At low temperatures the resistance of the 
filament is often so low that uncertainties in the 
lead and contact resistances are apt to play a large 
part. 

From equation (4) we see that the current needed 
to heat a filament to a given temperature varies 
with the three-halves power of the diameter. 

The function A’ is especially convenient for esti- 
mating the temperature of filaments in experimental 
work. The length need not be known and the diameter 
is readily determined from the weight per unit length. 
This method proves in practice to be much more 
accurate than that based on resistance measurements 
(R’) but less accurate than those based on optical 
measurements (C”), or on total energy input (W°). 
The function A’ cannot be used when the filament is 
surrounded by gas. 
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Similarly by equation (5) we see that the voltage 
drop per cm. along a heated filament in vacuum is in- 
versely proportional to the square root of the diameter. 

This function (V’) is useful in determining what 
the length of a filament should be in order that it 
may be heated to a given temperature by a given 
applied voltage. 


3 ne 


From equation (6) we see that ve is independent 


of the diameter of a filament. Hence the function 


x A 
V'V A’ proves very useful in estimating the tempera- 
ture of filaments of varying diameter. For example. 
if it is desired to measure the rate of evaporation of 
a filament, or the rate of attack by a gas at very low 
pressure, the filament can be maintained at constant 


E PE x 


temperature by maintaining constant, even 


when the diameter changes considerably. It also 
proves useful in estimating (by purely electrical 
measurements) the temperature of a filament in a 
sealed bulb. In this case the diameter often cannot be 
determined accurately, but the length of the filament 
can be determined by cathetometer measurements. 

This function is not applicable to filaments sur- 
rounded by gas. 

The function C’ in column 7 is equal to the average 
brightness of the filament as viewed from a direction 
normal to the axis of the filament. It serves as a very 
convenient measure of temperature. It has the 
advantage over the measurements of intrinsic bril- 
liancy by a pyrometer that it can be applied to 
filaments of small diameter. The use of a photometer 
is often much more convenient than that of a pyrom- 
eter. In common with the pyrometer method it 
possesses the advantage of being applicable to fila- 
ments surrounded by gas. 

In accordance with the nomenclature adopted 
by the Illuminating Engineering Society, 1” we may 
define the following quantities: 

Lumen: The unit of luminous flux 1s the lumen. 

It is equal to the flux emitted in a unit solid angle 

by a uniform point source of one international 

candle. 

Luminous intensity is the light flux from a 
source per unit solid angle in a given direction. 

International Candle: The unit of luminous 
intensity is the International Candle which resulted 
from agreements between the three national stand- 
ardizing laboratories of France, Great Britain 
and the United States, in 1909. This unit has 
been maintained by incandescent electric lamps 
in these laboratories. 

Candle-power is luminous intensity of a light 
source in a given direction, measured in Inter- 
national Candles. 


(©) Trans. I.E.S. 20, 629 (1925). 
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The efficiency of a light source is the ratio of the 
total luminous flux to the total power consumed. 
In the case of an electric lamp filament it is ex- 
pressed in lumens per watt. 

The mean horizontal candle-power of a lamp is the 
average candle-power in the horizontal plane 
passing through the luminous center of the lamp. 
It is assumed that the lamp is mounted with its 
axis of symmetry vertical. 

The mean spherical candle-power of a lamp is 
the average candle-power of the lamp in all direc- 
tions in space. It is equal to the luminous flux of 
the lamp in lumens divided by 4r. 

The spherical reduction factor of a lamp is the 
ratio of the mean spherical to the mean horizontal 
candle-power of the lamp. In the case of a uniform 
point source, this factor would be unity and for a 
straight cylindrical filament obeying Lambert's 
Cosine Law of emission it would be equal to r/4. 


The function C’ in Table I is based on Forsythe's 
and Worthing's(% measurements of candle-power. It 
represents the candle-power per unit length per 
unit diameter in a direction perpendicular to the axis 
of the filament as seen through a lamp bulb which 
absorbs one per cent of the light. If C’ could be 
measured inside the lamp bulb its value would be 
one per cent higher. 


Effect of Reflection from the Surface of the Bulb 

In using C’ to determine the temperature of fila- 
ments it is important to have clearly in mind the 
errors that can occur if the proper proportion of the 
light reflected from the bulb does not get into the 
photometer. This may be illustrated by the following 
idealized cases: 

Case I: A straight, vertical filament of small 
diameter close to the axis of acylindrical bulb. If the 
filament is at a distance A from the axis of the 
cylinder, the rays of light from the filament after 
reflection from the bulb are focussed along a line 
which is at a distance A from the axis on the side 
opposite the filament. Assuming that A is large 
compared to the diameter of the filament but small 
compared to the bulb diameter, very little of the 
reflected light is intercepted by the filament. Thus, 
if the observer places his eye in the position of the 
photometer head, he sees the lighted filament and its 
reflected image having the same dimensions as the 
filament close beside it. 

If the luminous intensity of the filament in a 
horizontal direction is one candle per cm. of length 
as measured inside the bulb, and if the total reflection 
(inner and outer surfaces) from the bulb is r, expressed 
as a fraction of the incident light, then the luminous 
intensity of the image is r candles per cm. As seen 
through the bulb, the intensity of the filament is 
thus (1—r), and that of the image is 7 (1—r), or r—r?. 
There is, however, an image of the image, etc., so 
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that, apart from absorption, the total luminous in- 
tensity of the filament and all its images is one candle 
per cm. 

Forsythe and Worthing, as a result of extensive 
experiments, conclude that clear glass bulbs absorb 
about one per cent of the light from the filament. 

The candle-power involved in the function C’ 
represents the candle-power of the filament and all 
its images as seen through the bulb after one per 
cent of the light has been lost due to absorption in 
the glass and by imperfect reflection. The intensity 
of the light from the filament as measured by any 
method which excludes the light from the images 


" (for example, any instrument such as an optical 


pyrometer) is lower than that given by C’ in the 
ratio (l—r):1. 

The reflection coefficient for light striking a glass 
surface at normal incidence depends only on the 
index of refraction (n) of the glass and is the same 
where the light enters and where it leaves the glass. 
The fraction of the light reflected from both surfaces 
is thus approximately 

r=? E ? 
n+1 

For example, a glass, such as finds extensive use 
in lamp manufacture, has an average refractive 
index of 1.51 for the visible spectrum. Hence r is 
0.083, or 8.3 per cent of the incident light is reflected 
from the two glass surfaces. 

Case II: The diameter of the straight tungsten 
wire or rod being photometered may be comparable 
in size to the diameter of the cylindrical glass tubing 
so that the reflected image coincides with the fila- 
ment. In this case, if the observer places his eye in 
the position of the photometer head, he will see 
no image of the filament. The 8.3 per cent of light 
reflected from the glass is focused back onto and 
intercepted by the filament. Since the filament 
absorbs approximately 55 per cent of all incident 
light, only 45 per cent of the 8.3 per cent which is 
reflected by the glass, reaches the photometer head. 
Thus the observed candle-power is only 96.3 per cent 
of that calculated from C’ at any given filament 
temperature. 

Case III: If a straight filament is located in a 
clear glass cylindrical tube, parallel to the axis and 
at a distance equal to half the radius from it, large 
errors in candle-power measurements are possible. 
In this case the filament lies at a principal focus 
of the cylindrical surface, so that a large fraction of 
the light rays reflected from the bulb are focussed 
into a beam which is projected in the direction of a 
line passing from the filament to the tube axis. If 
the lamp is mounted in the photometer so that this 
beam is directed toward the photometer head, the 
observed candle-power may, in some cases, be more 


(14) 


(*4)Forsythe and Worthing, (loc. cit.) 
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than double the normal value. In such cases, 1f the 
observer places his eye in the position of the photom- 
eter head he sees, besides the filament, a very much 
enlarged or magnified image of the filament which 
appears as a broad band of light having an intrinsic 
brilliancy about 8.3 per cent of that of the filament. 

If the light intensity (inside the bulb) from the 
filament is 1 candle per cm., the apparent intensity 
of the filament itself, neglecting absorption, is 0.917. 
Assuming the image appears to be 20 times as broad 
as the filament itself, and 8.3 per cent as bright, the 
intensity of the image will be 1.52 candles per cm. 
so that the total intensity is 2.44 candles per cm. 
The function C’, however, would give 0.99 candles 
per cm. for this case. 

In other directions than along the line connecting 
the filament and the tube axis, in general, no image 
of the filament will be visible, so that the light 
intensity will be 0.917 candles per cm. The mean 
horizontal candle-power, however, will be 1 candle 
per cm. or 0.99 if we allow for absorption, in agree- 
ment with the value from C”. 

For example, in the “movie lamp,” the light from 
one coil which is reflected by a concave mirror is 
used to give an increased effective candle-power 
in one direction as the reflected light is focussed into 
the dark space between two adjacent coils of the 
filament. 

To eliminate errors due to lead cooling, it 1s good 
practice in determining C’ to place a slit of known 
width in front of the lamp. In this way it 1s also 
possible to prevent light from any distorted reflected 
images from reaching the photometer head. 

Let us suppose it is desired to measure the bright- 
ness C’ of a straight portion of a vertical tungsten 
wire which is at a distance rı from the photometer 
head. The slit of width l, (measured vertically) is 
placed in front of the lamp at a distance rz from the 
photometer head. The effective projected area (A,) of 
the filament as observed from the photometer head, 
and expressed in accordance with our convention in 
terms of the dimensions of the filament at room 
temperature, is given by 


ldr lo 
Ya lr 


A, (15a) 

where d is the diameter of the filament and 1,/l7, 

the ratio of the length of a piece of tungsten at room 

temperature to the length at the temperature 7, 

is given as the reciprocal in column 16 of Table II." 
Hence for this case 


hs C (lr) r2 
(d) (1, (Lo) ri 
where C is the observed candle-power. In the case 


of a single loop filament the observed area would, 
in general, be twice that for a single straight filament. 


(15) 


Table Il will be given in Part HH of this article. 
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The observer should make a practice of placing 
his eye in the position of the photometer head after 
the lamp is mounted to make sure that the filament 
and its reflected image have the same dimensions 
so that the proper proportion of the light from the 
image comes into the head. 

If the filament is not located near the axis of the 
bulb or if the bulb is not cylindrical in shape, the 
reflected image is usually distorted or may be absent 
altogether. In such cases, it is advisable to make sure 
by the use of properly placed screens, if necessary, 
that no light reflected from the bulb reaches the 
photometer head. The observed candle-power should 
then be divided by 0.917 in order to obtain a value 
corresponding to C in equation (15). 

Lambert’s Cosine Law for luminous radiation 
requires that each element of the light source shall 
appear equally bright from whatever angle viewed. 
A black body fulfils this requirement. Tungsten 
deviates, “) however, in that as the angle of viewing 
the surface changes from normal incidence to grazing 
incidence, the brightness, at first slowly and then 
more rapidly increases from normal brightness to a 
maximum brightness of about 115 per cent of normal 
at an angle of 75 deg., after which it decreases rapidly 
and probably reaches zero at 90 deg. 

Computation“ shows that the average brightness 
of a cylindrical tungsten filament viewed normal to its 
length 1s about 3 per cent greater than the average 
brightness of a flat tungsten surface, and that the 
average brightness, taking account of all directions 
of emission, as is done when the brightness 1s computed 
from the total light output in lumens and filament 
dimensions, is about 5 per cent greater than the 


normal brightness. 


Therefore, the function L’, which expresses the 
total light flux in all directions from the ideal filament 
in lumens, is equal to C’rt?X 1.02. The factor 1.02 
takes account of the deviation from Lambert's 
Cosine Law for light emission in all directions as 
compared with the light emitted normal to the length 
of the filament. This function gives the lumens which 
are transmitted through clear glass lamp bulbs. The 
lumens inside the bulb would be one per cent higher. 

The luminous efficiency of tungsten is usually 
expressed in lumens per watt. The efficiency of the 
ideal cylindrical tungsten filament is given by the 


. L . . 
function yr in column 9, Table 1. From equations 


(2) and (8) it follows that 
(16) 
This function proves very useful in determining the 


temperature of an ideal cylindrical tungsten filament 
of unknown dimensions in vacuum. The watts may 


(1) Worthing: Astrophys. Journ. 36, 345 (1912). 
(‘)Forsythe and Worthing (loc. cit.) 
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readily be determined while the lumens are measured 
in an integrating sphere. 

Column 10, Table I, contains data on the electron 
emission from the ideal pure tungsten filament in 
high vacuum.* The values given represent the max- 
imum current in amperes (saturation current) that 
can be obtained from r sq. cm. of filament surface. 
The equation from which the electron emission per 
sq. cm. may be calculated is 


bo = 
¡=A MET (17) 


where A =60.2 amp. cm.? T°, 
T =temperature in degrees Kelvin, 
e=the base of the Naperian logs, and 
b, = 52,400 deg. 

The eleventh column gives the rate of evaporation 
in gm. per sec. per cm. of length from an ideal tungsten 
filament of 1 cm. diameter or from ~r sq. cm. area. 
The equation which expresses the rate of evapora- 
tion in gm. per sq. cm. per sec. 1S 


41,900 
NA 


logiom = 9.7253 — — 0.364 log 10 T — 0.000164 T 


18) 

The twelfth cqlumn in Table I gives the ratio of 
the “hot” to “cold” resistance. The cold resistance 
is taken at 20 deg. C. Thus R’ (at T=293 deg. K) = 
6.984 XK 10-*, so that 


Rr/ Ro3= 0.1432 X 108 R’ (19) 


This function, which gives one of the least accurate 
methods of determining the temperature of filaments, 
may be used for filaments either in vacuum or sur- 
rounded by gas to get an approximate measure of the 
temperature. It 1s, of course, independent of fila- 
ment dimensions or surface conditions. 

Column 13 gives the specific heat H’ in watt-sec. 
(or joules) per degree for the ideal tungsten filament 
1 cm. in length and 1 cm. in diameter. These data 
were calculated from 273 deg. K to 900 deg. K from 
the Debye") theory of the specific heat of solids at 
low temperatures. 

Since the Debye curve for c,+(c,—c,) meets 
the line drawn through the experimental data of 
W orthing, (13) Smith and Bigler ("9% and Gaehr 5 at 900 


*Traces of other substances, such as alkali meta.s and earths, thorium, 
etc., which are often present in commercial tungsten filaments, may cause 
an electron emission mu-h greater than that given. 

CHP. Debye, Ann. d. Phys. (4) 39, nie (1912). 

(3) Worthing, Phys. Rev. 12, 199 (19 

(14)Smith and Bigler, Phys. Rev. 19, 268 (1922). 

(18) Gaehr, Phys. Rev. 12, 396 (1918). 
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deg. K, the equation of this line was used to calculate 
the atomic heat of tungsten from 900 deg. K to the 
melting point. The equation is 


cp=4.7+0.0015T (20) 


where c, is the atomic heat in cal. per gm. atom 
per degree and T is the absolute temperature (deg. K). 
The volume of an ideal tungsten filament 1 cm. 


; n . T 
in length and 1 cm. in diameter 1s i cm.’ so that the 


factor to convert from cal. per gm. atom per degree 
to watt-sec. per degree for the ideal filament of unit 
length and diameter 1s 


TX 19.35 X4.185 
4X 184 


= 0.3456 


Since the total energy content of an ideal filament 
is a function of the volume and the temperature, we 
may write 


H'dT (21) 


Column 14 gives the total energy content, U” in 
watt-sec., t. e., H'dT, integrated between the limits 
zero and T, of an ideal tungsten filament of unit 
length and unit diameter. 

From equation (2) we observe that the energy 
radiated from an ideal filament per sec. =W"ld 
and by equation (11) we note that the energy con- 
tent of an ideal filament =H'ld?. Hence, if we wish 
to know how long it takes for a filament to cool from 
the temperature 7, to 7, after turning off the current, 
we may write 


—W"ld dt=H'ld? dT (22) 
Transposing and integrating we obtain 
Tinry 
t H'dT _1 “HdT =}! (23) 
d Y” d wW 
T: 


T: 


We have carried out the integration of equation 
(23) by means of Simpson’s one-third rule using 102 
ordinates. The time of cooling from the melting 
point (7,=3655 deg. K) is given in column 15, 
Table I. These values are numerically equal to the 
time of cooling for an ideal tungsten filament 1 cm. 
in diameter. 


(To be continued) 
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Vacuum Tubes as Oscillation Generators 


PART I 


THE NATURE OF HIGH-FREQUENCY CIRCUITS 


IGH-FREQUENCY and 
low-frequency circuits are 
subject to the same set of 

physical laws, yet high-frequency 
apparatus often appears as dif- 
erent from low-frequency elec- 
trical machinery as though there 
were very little similarity be- 
tween the two. This is due to 
the relatively great effect of the 
magnetic and electric fields sur- 
rounding the high-frequency ap- 
paratus. While the strength of 


By D. C. PRINCE and F. B. VOGDES 
Research Laboratory, General Electric Company 


No vacuum tube 1s a power 
generator. Both its input and out- 
put are electrical, and 1ts output 
ts smaller than its input by the 
amount of the internal loss. Its 
sole action 1s that of an electrical 


valve which controls the flow of 
energy through it. By reason of 
this action 1t can be readily em- 
ployed to generate osctllations, 
which application will be de- 
scribed in this serial. —EDITOR 


stored in the inductance when the 
current is a maximum is LI’, 
where T is the r.m.s. value of the 
sine wave of current and L is the 
inductance. Now the reactance of 
the inductance and the condenser 
have been made equal so 


l 
|) AAA 
ome = afc 
or 
1 
f= > 
27 V LC 


these fields is not dependent on 
the frequency, their effect upon the 
circuits producing them is proportional to their rate of 
change. Thus, the magnetic field surrounding a con- 
ductor usually produces only a slight induced voltage 
when the current producing it has a frequency of 60 
cycles; but if the frequency be increased many 
thousand times, as in radio circuits, the induced volt- 


D 


Fig. 2. Shunt-driven Tuned 
Circuit 


Fig. 1. Series-driven Tuned 
Circuit 


age produced by the correspondingly rapid variation 
of the magnetic field is often of such a magnitude as 
to be the predominating feature of that portion of the 
circuit. This high inductive reactance is often over- 
come by placing in series with it a condenser hav- 
ing an equivalent capacity reactance. The total 
reactance then becomes zero and the circuit is said to 
be tuned. Such tuned circuits can be connected to an 
alternator of the proper frequency and will require 
from it a voltage only sufficient to overcome the 
resistance drop (Fig. 1). 

Tuned circuits have a very important property due 
to the manner in which energy is stored in them. At 
the time when such a circuit is fully charged, the 
energy stored in the condenser is CV?, where V is 
the r.m.s. value of the sine wave of voltage across the 
condenser and C is the capacity. Similarly, the energy 


Fig. 3. Damped Oscillations Occurring 
in Circuit of Fig. 2 After the Alter- 


gives the frequency of resonance 
if L and C are fixed. If the volt- 
age is known, the current will be given by 2 


I=V x 2rfC= V4] ak i o | 


and, if this value for I is substituted in the expression 
for the energy stored in the inductance at the time the 
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Fig. 4. Circuit Supplied with a Pulse 
of Energy Every Cycle 
nator is Disconnected 


current is a maximum, the energy will be found to be 
CV?, or the same as the energy in the condenser when 
it is charged to its maximum voltage. The current and 
voltage reach their maxima at different times, how- 
ever, one being zero while the other is at its maximum. 
Hence, the energy which is represented by the charge 
on the condenser at one instant may be considered to 
move to the magnetic field of the inductance a quarter 
of a cycle later and then return. In fact, a careful 
analysis will show that at all times during the cycle 


- the total energy in the inductance and the condenser 


is constant, and none enters or leaves that part of the 
circuit consisting of the two except the energy 
which enters from other parts of the circuit to replace 
the resistance losses. If the condenser and inductance 
are connected in parallel across the terminals of a 
high-voltage alternator of the correct frequency 
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(Fig. 2), the latter will supply only enough current 
to replace the energy loss caused by the much larger 
current in the inductance coil and condenser flowing 
through the resistances of these two. If the alternator 
is disconnected after it has produced the current 
through the condenser and coil, this current will usu- 
ally continue to flow with a gradual decrease in the 
amplitude of the oscillations, the decrease being 
caused by the resistance of the circuit dissipating 
the energy (Fig. 3). This continuance of flow is pos- 
sible because the energy stored in the condenser and 
inductance at a given voltage and current may be 
made many times the energy lost per cycle. 

The ability of high-frequency circuits to store 
energy in amounts which are quite considerable 
compared with that lost per cycle may be utilized 
to advantage when methods of exciting or driving 
such circuits are applied. Only a few devices are 
swift enough to act at the frequencies desired for 
radio work, and it is almost impossible to find a suit- 
able device capable of supplying a sine wave of cur- 
rent or voltage. The latter requirement is entirely 
unnecessary, however, for the circuit receiving the 
energy may be designed to have a storage capacity 
large enough to permit the ““make-up” energy to be 
supplied by a source that functions according to any 
periodic law. The energy stored in the circuit will 
insure substantially pure sine waves of voltage and 
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current even though energy is not entering and leav- 
ing at continuously equal rates but at rates which 
make input and losses equal for a complete cycle. 
Consider, for example, the circuit shown in Fig. 4. 
Here an oscillating circuit is arranged so that once 
each cycle it is connected for an instant to a source of 
direct voltage, this voltage being equal to that de- 
sired in the oscillating circuit at the time of 
contact. Between the times of contact, energy is 
being lost in the circuit so that after completing a 
cycle the voltage in the circuit does not return to the 
value at which it started but to a slightly lower value 
which is brought up to the correct amount when con- 
tact is made. 

The ordinary high-power vacuum tube circuits 
represent the practical application of the scheme 
just discussed. Here the connection of the oscillating 
circuit with the source of direct voltage is made 
through the vacuum tube and the grid of the tube is 
the means by which connection is made and broken. 
While vacuum tubes are quite capable of the 
speed of operation required, they have one serious 
drawback: they are far from perfect conductors. 
A passage of current through the tube causes a 
considerable voltage drop and, in order that the 
proper amount of energy be transferred to the 
circuit, it is necessary for this current to flow for an 
appreciable time. 


(To be continued) 


Lighting Equipment for Commercial Aviation 


A Number of Different Lighting Services Involved—Both High-intensity Arcs and Incandescent 
Lamps Employed—Emergency Supply from Commercial Circuits, Isolated 
Generating Plants, Storage Batteries 


By G. E. YOUNG 
Searchlight Engineering Department, General Electric Company 


HE remarkable record for rapidity of mail 
transmission over long distance which has been 
achieved by the United States Air Mail has 
been made possible by adopting the 24-hour schedule 
of operation employed by other types of carriers. 
The result has been the perfection of night flying, 
and it may be said that the Air Mail Service was 
the pioneer in this field of aviation. 

While it is possible for aircraft to travel in the 
dark, it was found necessary, in order to operate 
without casualties and upon a rigid schedule, to 
provide a number of new applications of electric 
lighting to assist the aviators in maneuvering on and 
around landing fields and to mark their course across 
country. | 

For this purpose, the following classes of lighting 
equipment have been successfully developed: beacons 


to mark terminal and emergency landing fields; flood- 
lights, boundary lights, wind-cone lights, and obstruc- 
tion lights to assist in landing and taking off; and run- 
ning and headlights carried by the planes themselves. 


Airway Lighting | 

The present system of airway lighting utilizes 24-in. 
incandescent searchlight beacons, spaced approxi- 
mately ten miles apart. These beacons are mounted 
on 50-foot steel towers similar to commercial wind- 
mill towers. 

This beacon is shown in Fig. 1. It has a silvered 
glass mirror and is usually equipped with a 900- 
watt, 30-volt monoplane filament lamp. The beacon 
is rotated at 6 r.p.m. by a small electric motor en- 
closed in the base, thus providing a ten-second interval 
of flash as the pilot approaches from any direction. 
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Where these beacons are located at emergency 
landing fields other ground markers are provided 
near the beacon. 

Where local power is available near the beacon, 
the rotating motor is operated from a 110-volt circuit. 
In isolated locations 32- or 110-volt direct-current 
gasoline engine-driven generator sets are provided. 
In some locations wind-driven generators may be used. 

All beacons on airway locations are now being 
equipped with an automatic lamp changer which, 
upon failure of the lamp in the beacon, immediately 
brings a reserve lamp into position. This is accom- 
plished by a very simple arrangement in the 


Fig. 1. 24-in. Projector for Continuous Rotation 
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spare lamp, and a red tell-tale light so that the 
pilot flying over can report that the beacon needs 
attention. 


_ Emergency Field Lighting 


At emergency fields, the boundaries are marked 
by incandescent lamps enclosed in glass globes and 
spaced about 200 ft. apart around the edges of the 
field. Current is supplied to these lamps by the local 
power supply or isolated generator sets. 


pS 


180-deg. Landing Field Floodlight Equipped with 
a High-intensity Arc Lamp 


Fig. 2. 


Fig. 3. Exceptional Intensity of Illumination Produced by Large Field Floodlight 


beacon, consisting of a spring rotated support carrying 
two lamps, and operated by two coils. The principle 
of operation is briefly as follows: Of the two coils 
one is a current coil, and the other a potential coil. 
They are arranged so as to exert an opposing force on 
the latch tripping device, and are so designed that 
under normal circumstances the pull of the current 
coil exactly offsets that of the voltage coil, and con- 
sequently the lamp support is held in position for 
No. 1 lamp. Since the current coil is connected in 
series with the lamp, when the latter burns out no 
current flows in the coil, whereupon the pull of the 
potential coil becomes strong enough to trip the latch 
of the lamp support and rotate the spare lamp into 
position. This completes circuits that light the 


Airport Lighting 

The principal requirements of a well-lighted airport 
are as follows: 

(1) A beacon which will indicate the location of a 
field from a distance. 

(2) Boundary markers to outline the limits of the 
field. Such lights should be visible when the pilot is 
approaching. 

(3) Red obstruction lights must be placed on build- 
ings, power lines or water towers that are close enough 
to the field to be an obstruction to landing or taking off. 

(4) Hangars and other buildings must also be flood- 
lighted to give the approaching pilot some means to 
gauge his height above the ground and his distance 
from the field. 
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(5) Sufficient light must be thrown upon the ground  Floodlighting 


to make possible a perfectly safe landing on the field. 


Airport Beacons 
The beacon used to mark the location of an airport 
is the same as that used for marking the airway. 


Boundary Lights 

Where 2300-volt power is available, the most 
economical practice is to run a series circuit around 
the borders of the field, to which are connected the 
boundary and obstruction lights. This circuit is run 
under ground, using No. 8 B.&S. Parkway cable, 
which is a rubber-insulated cable covered with a 
lead sheath and protected by a steel armor. This 


Fig. 4. Fresnel Lens Boundary Light Unit 


circuit is supplied from a constant-current trans- 
former of a type similar to that used on street lighting 
circuits, the voltage of the circuit varying with the 
number of lamps used. With a series circuit only one 
wire 1s required around the field. Not only does this 
arrangement reduce the cost of the cable, but the 
voltage at each lamp is held constant, which would 
not be the case with a multiple 2-wire circuit. The 
boundary light fitting used consists of a series 
incandescent street lighting socket with a film or 
magazine cutout, the whole enclosed in a sheet-metal 
case. A clear or opal glass globe is mounted on the 
fitting in such a way as to prevent water from entering 
the case. The lamp usually used is the 60-c-p. series 
type. These lights are mounted about three feet 
above the ground. 


Obstruction Lights 

The lights used to indicate obstructions are of the 
same construction as are the boundary lights except 
that red globes are used instead of clear globes. 


For lighting the larger fields, there is now being 
used a floodlight that is equipped with a 150-amp., 
high-intensity arc lamp, Fig. 2. The main feature of 
this unit is the high quality sectional Fresnel lens 
which, in combination with the high-intensity lamp, 
produces the effect shown in Fig. 3. 

A similar unit arranged for a 900-watt, 30-volt, 
or 1000-watt, 125-volt lamp is shown in Fig. 4. This 
has been developed for use in aviation field flood- 
lighting where the area of the field is smaller or of 
such contour as.to be more readily illuminated by 
these smaller units. 

These aviation field lights are placed at intervals 
along the sides of the field or runway, and are fed 
through individual lamp transformers wired into a 
series circuit similar to the boundary light circuit. 


Wind Cone Lights 

To indicate wind direction, which is an important 
consideration in landing, cloth wind cones are mounted 
on a high mast at many fields. Various methods of 
projecting light from an incandescent lamp into these 
cones have been tried out, it being necessary to 
mount the lamp and reflector so they will rotate 
into the wind with the cone. The latest method of 
wind cone illumination is to mount five or six sta- 
tionary lamps and reflectors above the wind cone 
and produce a 360-deg. area of illumination. 


Plane Lights 

The available electric circuit on the plane is from a 
12-volt storage battery. Small streamline navigation 
lights (port, red—starboard, green) are located at 
the wing tips while a white light 1s mounted on the 
tail of the ship. Wing-tip landing lights, in the form 
of a streamlined incandescent lamp searchlight, are 
used, ordinarily for a very short time to light up 
the ground as the plane is landing on an unfamiliar 
field, and they are often used when flying low 
or when searching for a suitable place for a forced 
landing. 


Conclusion 

To the Air Mail Service great credit is due for 
putting into practical application the many lighting 
devices and accessories which have been developed 
to meet the needs of night flying. The success of this 
service night after night under all sorts of weather 
conditions, has marked the way to confidence in 
night flying by the several commercial air transport 
companies. 
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Condensed references to some of the more important recent 
articles in the technical press, and to new books of interest to 
the industry, as selected by the General Electric Main Library. 


Arc Welding 


Arc were Steel Pi ipe for High Pressure Mains for New 
City. Schenstrom. 
Am. Wald. Soc. Jour., Feb., 1927; v. 6, pp. 30-36. 


Armature Windings 


Alternating-Current Wave Windings. R. G. Jakeman. 
I.E.E. Jour., Feb., 1927; v. 65, pp. 228-258. 


Converters, Synchronous 
Excitation of Reactance-Controlled Rotary Converters. 
R. G. Jakeman. 
Wid. Power, Mar., 1927; v. 7, pp. 130-136. 


Corrosion 
Controllable Variables in the Quantitative Study of the 
Submerged Corrosion of Metals. O. B. J. Fraser 
and others. 
: Ind. Y Engng. Chem., Mar., 1927; v. 19, pp. 332-338. 


Corrosion in the Refrigerating Industry. R. P. Russell 
and others. 
Refrig. Engng., Jan., 1927; v. 13, pp. 209-219. 


Dielectric Phenomena 


Significance of the Dielectric Constant of a Mixture. 
Homer H. Lowry 
Franklin Inst. Jour., Max: 1927; v. 203, pp. 413-439. 
(Includes a bibliography of 66 entries, pp. 436-439.) 


Electric Current Rectifiers 


New pees Rectifier. L. O. Grondahl and P. H. 
eiger. 
A.I.E.E. Jour. . Mar., 1927; v. 46, pp. 215-222. 
(Describes ‘‘a new rectifier utilizing a partially oxidized 
disk of copper as a rectifier unit.'’) 


Electric Distribution 


DREN of City Distribution Systems, and the Problem of 
Standardization. J. R. Beard and T. G. N. 
Haldane. 

I.E.E. Jour., Jan., 1927; v. 65, pp. 97-124. 
(British practice.) 


Electric Drive 


Designs Simplified by Electrical Means. 

Mach., Mar., 1927; v. 33, pp. 481-484. 

(Shows how machinery can be simplified by the use of 
electric drive. Serial.) 


Selection of Motors and Controllers. Gordon Fox. 
Blast. Fur. & St. PI., Mar., 1927; v. 15, pp. 118-124. 
(Analyzes the various factors involved in selecting 
electric drive equipment in general.) 


H. L. Blood. 


Electric Drive—Compressors 
Some Problems in the Application of Direct Connected 


Synchronous Motors to Carbon Dioxide Compres- 


sors. D. W. McLenegan. 
Refrig. Engng., Jan., 1927;;v. 13, pp. 220-229. 


Electric Lamps, Incandescent 
Physical Studies in Lamp and Valve Manufacture. 
Engng., Mar. 4, 1927; v. 123, pp. 252-254. 
(Abstract of a paper by C. C. Paterson, director of the 
Research Laboratories, General Electric Company, 
Ltd., before the Royal Society of Arts.) 


Electric Motors, Induction 
Starting of Single-Phase Induction Motors. F. A. Lauper. 
I.E.E. Jour., Jan., 1927; v. 65, pp. 160-182. 
(Examines the various starting arrangements at 
present in use.) 


Electric Transmission 


Interconnections. Alex Dow. 
Elec. Wid., Feb. 26, 1927; v. 89, pp. 451-456. 
(Outlines the engineering and service possibilities. 
Abstract of a paper before the Detroit-Ann Arbor 
Section, ALEJE) 


Electric Welding 
Studies on Electric Welding. Ludwig J. Weber. 
Am. aa St. Treat. Trans., Mar., 1927; v. 11, pp. 425- 
44 
(Pays particular attention to the effect of the various 
gases present.) 


Electrical Machinery—Hunting 
Hunting of Synchronous Machinery. Robert Lochner. 
I.E.E. Jour., Dec., 1926; v. 65, pp. 81-89. 
(Mathematical treatment.) 


Electrical Machinery— Mechanical Stresses 
ay ar nica in Electrical Conductors and Supports. 
ule 
Met.- Vick. Gas., Jan., 1927; v. 10, pp. 23-24. 
(Presents a method for their calculation. ) 


Electrical Machinery — Temperature 


Experiments on Forced Air Cooling of Electrical Machinery. 
. Hilary Wills. 
Wld. Power, Feb., 1927; v. 7, pp. 82-90. 
(Presents results of tests. ) 


Electrometallurgy 
Electro- Deposition of Metals; Recent Progress and Present 
Position. W. E. Hughes. 
Wld. Power, Feb., 1927; v. 7, pp. 71-78. 
(Pertains to electroplating and to methods of electro- 
refining and extraction of metals. Serial.) 


Fatigue of Metals 
Hysteresis and Fatigue of the Wohler Rotating Cantilever 


Specimen. N. G. Inglis. 
Metallurgist, Feb. 25, 1927; pp. 23-26. 


Flow Meters 


Care and Inspection of Electric Steam-Flow Meters. 
. Elmer Housley. 
Power, Feb. 22, 1927; v. 65, pp. 288-290. 


Grounding 
Grounding on 4000-Volt Distribution Circuits. W. B. 


Buchanan. 
Bul. of Hyd. Pr. Comm. of Ont., Feb., 1927; v. 14, pp. 
40-49. 


Headlights, Electric 


Automobile Headlight and its Supply. L. B. W. Jolley. 
Wid. Power, Mar., 1927; v. 7, pp. 122-129. 
(On headlight design and ‘performance. Serial.) 


Hydroelectric Development 


Martin Dam Aids Control of Alabama System. F. E. Hale 
and R. R. Stone. 
Power Pl. Engng., Mar. 1, 1927; v. 31, pp. 284-291. 
(Illustrated description of the new plant of the 
Alabama Power Co. on Tallapoosa River.) 


Hydroelectric Plants 


Are Hydro-Electric 
Justified? 
Power, Mar. 8, 1927; v. 65, pp. 378-379. 
(Gives the conclusions arrived at by the Hydraulic 
Power Committee of the N.E.L.A.) 


Installations Without Governors 
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Hydroelectric Plants 


New Frankford Generating Station on Trent River. 
Elec. News, Mar. 1, 1927; v. 36, pp. 27-29. 
(Helical gears of French manufacture are used to step 
up the speed of the turbines.) 


Illuminating Engineering 


Piehnng and Contrast. Percy W. Cobb and Frank K. 
oss. 


Ilum. Engng. Soc. Trans., Feb., 1927; v. 22, pp. 195-204. 


Impact 
Law of Similarity in Notched Bar Impact Testing. 
Metallurgist, Feb. 25, 1927; pp. 27-29. 


Insulating Oils 
Oil Cooling and Handling AS for Large Trans- 
former Installations. Richards. 
Met.-Vick. Gaz., Feb., 1927; v. 10, pp. 31-40. 
a and describes Metropolitan- Vickers equip- 
ment. 


Standard Oil 
Breakers. 
Elec. Wld., Feb. 26, 1927; v. 89, pp. 459-460. 
(Short account of the standard practices of the 
Alabama Power Co.) 


Piping for Transformers and Circuit 


Insulation 
Applications of Physical Research to Technical Problems. 
I. The Electrical Breakdown of Insulation. L.G. 
Carpenter. 
Wid. Power. Feb., 1927; v. 7, pp. 66-70. 
Lighting 


Contributions to the Lighting Art. M. Luckiesh. 
llum. Engng. Soc. Trans., Feb., 1927; v. 22, pp. 178-188. 


Locomotives, Oil-Electric 


Oil-Engined Locomotive: a Conquest. 
Oil Engine Power, Mar., 1927; v. 5, pp. 154-159. 
(Review of recent developments.) 


Machinery—Foundations 
Construction of Oil Engine Foundations. V. L. Maleev. 
Oil Engine Power, Mar., 1927; v. 5, pp. 175-180. 
(Design and materials for concrete and masonry 
foundations. Serial.) 


Oscillators, Vacuum Tube 


Intermittent Valve Oscillator. Lauriston S. Taylor. 
Franklin Inst. Jour., Mar., 1927; v. 203, pp. 351-374. 


Power 


Steam Power From the Ocean in the Tropics. 
Andrews. 
Power, Mar. 1, 1927; v. 65, pp. 328-330. | 
(The Claude-Boucherot' process is reviewed by the 
Paris correspondent of Power.) 


R. H. 


Power Factor 


Capacitors Save Cost First Year. H. M. Jalonack. 
Elec. Wid., Mar. 5, 1927; v. 89, pp. 503-504. 
(Gives relative costs "involved in installing various 
a a for power-factor improvement in a fac- 
tory. 


Power Plants, Electric 
Tendencies in Power Plant Design. 


son. 
W. Soc. Engrs. Jour., Jan., 1927; v. 32, pp. 10-28. 


Francis Hodgkin- 


Protective Apparatus 


Merz-Price Protection for Scott-Connected Transformer 
Banks. G. W. Stubbings. 
Wid. Power, Feb., 1927; v. 7, pp. 91-92. 


Radio Broadcasting 


Tour Round Savoy Hill. Part 1.—Problems of Sound in 
Relation to Broadcasting Studios. A.G. D. West. 
Wireless Wld., Feb. 9, 1927; v. 20, pp. 154-158. 
(“The first of a series of articles dealing with theoretical 
and practical aspects of sound in relation to stu- 
dios.’’ Serial.) 
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Railroads—Electrification 
Electric Traction. F. Lydall. 
T.E.E. Jour., 


Jan., 1927; v. 65, PP. 143-159. 
(Reviews the present position of railway electrification 
in the different countries and continents.) 


Regulators, Load 
Operation and Adjustment of Automatic Load Regulators 


for Electric Generators. F. A. Byles. 
Power, Feb. 22, 1927; v. 65, pp. 281-283. 


Ship Propulsion, Electric 
Tests on Diesel-Electric Stern Wheel Towboats. 
Giroux. 
Mar. Engng., Mar., 1927; v. 32, pp. 152-157. 
(Results of performance tests of the Burnett and the 
Gouverneur.) 


C. H. 


Standards, Electric 


Can System Voltages Be Unified? 
Elec. Wld., Feb. 19, 1927; v. 89, pp. 401-405. 
areca of a symposium presented before the 


Steam Boilers, Electric 


Electric Steam Generators. F. T. Kaelin and H. W. 
Matheson. 
Elec. News, Mar. 1, 1927; v. 36, pp. 31-32, 47. 
(Discussion of a paper presented last year before the 
Engineering Institute of Canada.) 


Steam Plants 


Design of High-Pressure Industrial Power-Plants. R. S. 
Bayntun. 
Engrs. Soc. of W. Pa. Proc., Dec., 1926; v. 42, pp. 425-454. 
(Includes a description of the new power plant of the 
Chesapeake Corporation.) 


Steam Turbines, Marine 


Progress in Economy of Turbine Machinery on Land and 
Sea. Charles A. Parsons and others. 
Mar. Engng., Mar., 1927; v. 32, pp. 145-147. 


Store Lighting 
Economic Value of Good Lighting in Show-Windows and 


Store Interiors. A. S. Turner, Jr. 
Illum. Engng. Soc. Trans., Feb., 1927; v. 22, pp. 152-164. 


Practical Value of Good Store and Show- Window Lighting 
As Shown By the Lighting Test at the United 
Cigar Stores Company, Tenth and Chestnut 
Streets, Philadelphia. Arthur A. Brainerd and 
Frank C. Winters. 

Illum. Engng. Soc. Trans., Feb., 1927; v. 22, pp. 165-177. 


Street Lighting 
Seattle’s New Street Lighting. C. Maynard Turner. 
Elec. Wid., Feb. 26, 1927; v. 89, pp. 443-446. 
(An illustrated description of the installation, with an 
enumeration of the advantages of the ‘multiple 
system used.) 


Substations 


Steel-Cell Unit-Type Outdoor Substation. Richard C. 
Powell 


Elec. Wid., Feb. 26, 1927; v. 89, pp. 449-450. 


Transient Phenomena 
Transmission Line Voltage Surges. J. H. Cox. 
A.I.E.E. Jour., Mar., 1927; v. 46, pp. 263-271. 
(Includes bibliography of 20 entries.) 


Vibrations 


Torsional Vibration of Shafts and Shaft Systems. 
Lochner. 
I.E.E. Jour., Dec., 1926; v. 65, pp. 76-80. 
(Reviews the general theory of torsional oscillations 
and evolves a new method by which the investiga- 
tion of any number of vibrating masses is simplified.) 


Welding 


Autogenous and Electric Welding of Cast Iron. P. 
Schimpke. 
Metallureist, Feb. 25, 1927; pp. 19-21. 
(Abstract translation of a comprehensive paper in 
Stahl und Eisen for Aug. 26, 1926.) 


Robert 
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NEW BOOKS 


Automobile Wiring Diagrams. Terrell Croft. 282 pp., 1927, 


N. Y., McGraw-Hill Book Co., Inc. 


Benjamin Garver Lamme, Electrical Engineer; an Auto- 
biography. 271 pp., 1926, N. Y., G. P. Putnam's Sons. 


Diesel Engines, Marine and Stationary. Ed. 3. Arthur H. 
Goldingham. 255 pp., 1927, Lond., E. & F. N. Spon. 


Données Numériques d'Électricité, Magnétisme et Élec- 
trochimie. (Extracts from Vol. 5 of the ‘Tables Annuelles 
de Constantes et Données Numériques”? for the years 
1917-1922), 147 pp., 1926, Paris, Gauthier-Villars et Cie. 
(This is a compilation of those portions of Vol. 5 of the well- 

known ‘“‘Annual Tables of Constants and Numerical Data— 

Chemical, Physical and Technological’ which pertain to 

electrical, magnetic, and electro-chemical phenomena.) 


Electric Development as an Aid to Agriculture. Guy E. 
Tripp. 78 pp., 1926, N. Y., G. P. Putnam's Sons. 


Electric Service Distribution Systems; Their Design and 
Construction. Ed. 3, rev. and enl. Harry Barnes Gear and 
Paul Francis Williams. 486 pp., 1926, N. Y., D. Van 
Nostrand Co. 

(This is a new edition of the authors’ Electric Central Station 
Distribution Systems. The new developments and problems 
which have arisen in the ten years since the second edition 
appeared have necessitated numerous revisions. For ex- 
ample, the treatment of alternating-current distribution 
through secondary networks, of the developments in high- 
voltage cables, and of the heating of cables in underground 
conduits have all been completely revised. As stated in the 
preface to the first edition: “The treatment is based upon 
the assumption of a general knowledge of electrical theory 
such as is possessed by the more advanced students of engi- 
neering and by men in practical distribution engineering 
work. Much of the subject matter of the book 1s, however, of 
such a nature as to be easily grasped by practical men who 
men who have not had a full theoretical training.’’ The 
volume considers the various systems of distribution and 
transmission, substations, voltage regulation, line trans- 
formers, secondary distribution, special schemes of trans- 
formation, protective apparatus, overhead and underground 
construction and materials, cables and their installation, 
distribution economics, properties of conductors, and alter- 
nating-current circuits.) 


High Tension Line Practice; Materials and Methods. Ernest 
V. Pannell. 322 pp., 1926, N. Y., D. Van Nostrand Co. 
(The sub-title of this volume, “A Treatise on the Me- 
chanical Principles Involved in Designing and Con- 
structing Modern Power Transmission Lines,” gives 
us further insight into the nature of the work. The 
book is an attempt to record the present status of the 
mechanical features of transmission line design and 
construction. Materials, comprising conductors, in- 
sulators, and supports, are treated in the first three 
chapters; while methods, consisting of design, con- 
struction, and economics, are given attention in the 
remaining three. No attempt is made to treat of the 
electrical design or of electrical problems except for 
such brief references as are necessary to explain certain 
elements of the mechanical design. Special attention 1s 
accorded such matters as high-strength composite 
cables, heavy-duty insulators, steel tower design, the 
construction of long crossings, and construction costs. 
The subject matter 1s not restricted entirely to Amer- 
ican practice, for French, German, and other foreign 
methods are referred to if deemed noteworthy. Illus- 
trations consisting of 124 figures and photographs, 
together with 70 tables of data, serve to round out a 
uscful volume.) 


High Vacua. G. W. C. Kaye. 175 pp., 1927, N. Y., Long- 
mans, Green & Co. 


Hydro-Electric Handbook. William P. Creager and Joel D. 
Justin. 897 pp., 1927, N. Y., John Wiley & Sons, Inc. 


Introduction to Contemporary Physics. Karl 
453 pp., 1925, N. Y., D. Van Nostrand Co. 

(Presents a connected account of the chief phenomena 

upon which contemporary atomic theories are based, 

and includes an introduction to the theories them- 

selves. Considers such phenomena as the directly- 


K. Darrow. 


perceived properties of electrons and ions, the detach- 
ment of electrons from atoms, the deflections of flying 
charged particles by atoms, the transfer of energy from 
electrons and radiation to atoms, and the regularities 
of line-spectra and band-spectra. We find chapters on 
the experimental electron, the experimental atom, the 
periodic table and the procession of the elements, waves 
and quanta, ionization, stationary states, atom- 
models, conduction of electricity in gases, etc. The 
volume is one for the serious student of atomic 
theories and allied topics in the realm of theoretical 
physics.) 


Patents; What a Business Executive Should Know About 
Patents. Roger Sherman Hoar. 232 pp., 1926, N. Y., 
Ronald Press Co. 

(Probably the nature of this volume is best brought out 
by the author, who says in his preface: ‘‘There are 
plenty of good treatises already available on patent 
laws. But this present book 1s intended, rather, to be a 
treatise on patent tactics, plusa translation into plain 
English of so much of the patent law as will enable a 
business executive to understand his attornev, and to 
co-operate fully with him.” He tells, us, further, that 
patent practice is shrouded in much mystery, obscure 
terminology, and erroneous ideas. These super- 
fluities the author hopes to eliminate “from so much 
of the law and practice of patents as 1t 1s essential 
for a business executive to understand, in order that 
he may intelligently make those business decisions the 
making of which is the raison d'etre of an executive.’’) 


Practical Radio Construction and Repairing. James A. Mover 
and John F. Wostrel. 319 pp., 1927, N. Y., McGraw-Hill 
Book Co., Inc. 


Practice of Lubrication. Ed. 2. T. C. Thomsen. 616 pp., 
1926, N. Y., McGraw-Hill Book Co., Inc. 


Pyroxylin Enamels and Lacquers. Samuel P. Wilson. 213 
pp., 1926, N. Y., D. Van Nostrand Co. 

Stereoscopic Photography. Arthur W. Judge. 240 pp., 
1926, Bost., American Photographic Pub. Co. 

Switching Equipment for Power Control. Ed. 2. Stephen 


Q. Hayes. 
Inc. 


956 pp., 1927, N. Y., McGraw-Hill Book Co., 


Textbook of Mechanics. E. H. Wood. 


John Wiley « Sons. 


Tool Control; Procurement, Storage, Issue, Use, Repairs and 
Cost. Anker L. Christensen. 134 pp., 1926, N. Y., Ronald 
Press Co. 


251 pp., 1926, N. Y., 


Trafic Management. G. Floyd Wilson. 453 pp., 1926, N. Y., 


D. Appleton & Co. 


Treatise on Thermodynamics. 
man Ed. 7.) Max Planck. 
mans, Green & Co. 


Ed. 3. (Trans. from Ger- 
297 pp., 1927, N. Y., Long- 


Vacuum Practice. L. Dunoyer. (Trans. by J. H. Smith.) 

228 pp., 1926, N. Y., D. Van Nostrand Co. 

(A translation of the author's La Technique du Vide, which 
“was not intended to give a complete account of the subject, 
but an account which would be useful to the experimental 
worker. The study of technique itself, which is the 
principal object of this book, has taken up so much space that 
the theoretical treatment has had to be shortened.” How- 
ever, those interested in a more extensive treatment of 
vacuum phenomena and theory will find in the volume a list 
of references to the more important articles covering those 
phases of the subject. The work is divided into four chap- 
ters covering, respectively: pumps; manometers and other 
vacuum-measuring devices; the building up of tube systems, 
the elimination of occluded gases, and the microanalysis of 
gases; and the production and improvement of vacua by 
absorbers and electric discharges.) 


Wage Scales and Job Evaluation. Merrill R. Lott. 161 
pp., 1926, N. Y., Ronald Press Co. 
X-Rays and Electrons. Arthur H. Compton. 403 pp., 


1926, N. Y., D. Van Nostrand Co. 
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FROM A SLAB TO A MAGNET FRAME 


Cne of the first operations in the new manufacturing process that uses rolled steel in place of castings. For alternating- 
current machines the sections are sufficiently thin to be rolled while cold. This forming of the frame is preliminary 
to fabricating operations in which arc welding plays an indispensable part. (See pp. 330 and 335) 
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HE boilers at the new Stanton Station 

of the Exeter Power Company (650 
lb. throttle pressure) are fed with pure dis- 
tilled water. Each of the 50,000 kv-a. tur- 
bines is served by a Wheeler Direct Flow 
Condenser of special construction with float- 
ing tube sheets (Patent applied for), so that 
the tubes may be rolled into the tube sheets 
at both ends and leakage through packing 
eliminated. Wheeler quadruple effect evap- 
orators supply all the necessary make-up. 
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Information on this system of boiler pro- 
tection may be obtained from the 


WHEELER CONDENSER & 
ENGINEERING COMPANY 
149 Broadway, New York 
Works—Carteret, N. J., Newburgh, N. Y. 
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A NEW AND BETTER WAY 


During the last few years a fundamental innovation 
has been made in General Electric manufacturing 
methods—an innovation that started in a small way 
but that has already attained amazing proportions. 
Its full application is yet to come for there is every 
evidence that the movement will radiate to many 
new fields while more intensive operations are being 
carried out within its present scope. In short, most 
of the iron and steel castings formerly used in the 
construction of electrical apparatus are being sup- 
planted by steel-mill products fabricated to shape 
by the gas cutting torch and the metallic weld- 
ing arc. 

The confidence placed in metallic arc welding will 
be most convincingly evident to anyone who spends 
a few hours in the factories of the Company. On every 
side one sees the smooth, trim, uniform products of 
the steel mill, arc welded into rigid eye-satisfying mem- 
bers of electrical units, great and small. Here is a 
broad, heavy motor of 6500 h.p. at a low speed, there 
stands a tall, rangy synchronous converter rated 
4000 kw., farther on is a huge 50,000-kw. generator 
for a hydro-electric plant and near it a 50,000-kv-a. 
synchronous condenser, the largest of its kind—all 
with scarcely a casting in sight. The innovation is 
particularly startling and intensely interesting to 
those who are familiar with the design and produc- 
tion of large machine units of any kind. Castings, so 
long the mainstay of designers, are notable by their 
absence, yet every observer, be he engineer, mechanic, 
artist or whatever, sees that the step has been rightly 
taken and that it is directly in the line of advance- 
ment. 

Iron and steel castings, until recently, were con- 
sidered all that could be desired; and indeed their 
usefulness is by no means at an end for castings will 
probably occupy important places in design for gener- 
ations to come. Until metallic arc welding was brought 
to its present state, fabricated steel replaced castings 
in only a few machines. Now that the means is avail- 
able, the rapidity with which castings are being dis- 
placed is accounted for by the many advantages which 
fabricated steel-mill products have over castings. For 
the same weight, steel-mill products are the stronger. 


Their use eliminates pattern making, pattern stor- 
age, casting and the failures that take place in this 
operation. Steel-mill material is also more readily 
machined; and, due to its uniformly better magnetic 
properties, the same flux can be produced in it with 
less excitation. 

The designer finds a new freedom, for he no longer 
seeks to fit his new design to existing patterns. New 
shapes and new dimensions are thought of, in time 
and cost, merely as new drawings. It is true he must 
exercise greater ingenuity in order to make the best 
use of standard materials to the end that the require- 
ments of utility, economy, and appearance are all well 
served. But give him only a small fraction of the time 
that has been devoted to the development of his 
present degree of skill in the utilization of castings 
and he will be planning fabrications that are far 
beyond the practice of today. 

Most large electrical units are “custom made” and 
differ greatly one from another even in the same line. 
For instance, waterpower sites are largely natural and, 
as Nature knows no Standards Committee, they vary 
tremendously in heads and flows. Waterwheel-driven 
generators must vary widely in designs and ratings to 
meet these vagaries of Nature. The freedom with 
which standard slabs, plates, sheets, and bars can be 
shaped, and the speed and ease with which parts can 
be arc welded together, including reinforcements and 
precision members, brings to the custom-made 
machine at least some of the benefits of mass produc- 
tion. Development costs for such machines will 
inevitably take a downward trend. 

The fabricating of steel members by welding has 
been practiced for a long time in the many plants and 
products of this Company. It is a valuable method of 
construction in the manufacture of tanks for trans- 
formers and oil circuit breakers. It is employed in the 


‘production of switch mechanisms and similar devices 


without number. Protecting cases for all kinds of 
control devices and similar containers are largely 
fabricated in this manner. Electric refrigerators on 
the one hand, and 10,000-kw. mercury boilers on the 
other, indicate the breadth of its scope in other than 
rotating electrical machinery. 
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Rolled Steel Fabricated by Welding Displaces 


Castings in Machine Construction 


Rolled Steel is Stronger Pound for Pound—Readily Fabricated by Metallic Arc Welding—Greater 
Freedom in Machine Design—Quicker Production—Final Product Superior 


By R. H. ROGERS 


Industrial Engineering Department, General Electric Company 


ANUFACTURING is a 
M process of raising mate- 

rials from one freight 
classification to another. “Raw 
materials” and “finished prod- 
ucts’’are only relative terms, since 
the finished products of one in- 
dustry are the raw materials for 
another. The principal members 
of machines were formerly made 
from pig iron, the finished prod- 
uct of the blast furnace. Now 


We are now well entered upon 
a new era in machine construc- 
tion. At no time in the history of 
machine manufacture have struc- 
tural improvements been made 


with the same rapidity as now. 
Each day reveals a new extension 
to the application of fabricated 
steel in place of castings, an ad- 
vance made possible only by 
metallic arc welding.— EDITOR 


spread between the poorest and 
the best. 

Steel-mill products, by reason 
of the successive hot workings 
given the metal,are not only much 
stronger than castings, pound for 
pound, but they are so uniform 
in characteristics that the de- 
signer can take full advantage of 
that added strength. Fabrication 
of machine parts from these mate- 
rials enables the manufacturer to 


they are made, by fabrication, 
from the finished products of the 
steel rolling mill—slabs, plates, bars, structural 
shapes—materials much higher than pig iron in the 
manufacturing scale. 

The production of castings requires the manufac- 
turer to maintain pattern shops, pattern storage, core 
shops and ovens, and foundries, 
together with space and equip- 
ment for making castings ready 
for the machine shop. Casting 
losses are inevitable and inde- 
terminate; defects may not be 
noted until much labor and 
many machine-tool hours have 
been spent upon them, only to 
be wasted. Gross weights are 
greatly in excess of finished 
weights because of the require- 
ments of the molder's art in the 
way of draft, risers, gates, and 
pattern rapping. The impossi- 
bility of casting large, thin sec- 
tions often makes it necessary 
to use excessively heavy cast- 
ings for very light duty. Lack of uniformity 
in castings from the same pattern, coupled with 
non-conforming pattern shapes to make casting 
possible, make it necessary to provide excess metal 
in machine finished parts to insure that the castings 
will “clean up.” Chilled scale, included sand, and hard 
castings or hard spots make machining costs high by 
limiting the speeds of cuts and feeds, by making 
several cuts necessary,and by rapidly dulling the tools. 
Finished castings are of a size and shape to insure the 
desired strength in the poorest acceptable casting 
and little or no advantage can be taken of the 


devote much more space and cap- 
ital to the actual production of his 
machines. The ready-finished character of the mate- 
rial limits machine work to parts actually requiring 
machined dimensions and reduces the amount of 
material to be removed, since the unfinished fabri- 
cation can be built very close to the finished dimen- 


Fig. 1. Semi-automatic Flame Cutting Machine at Work 
“Machining” a Plate Prior to Fabrication 


sions. Rolled steel is easily machined and presents 
but little variation in that characteristic, hence 
speeds and feeds for machining are uniformly high 
and yet the tools stand up well. The practice of 
pre-machining small parts and locating them by jigs 
in the fabrication process eliminates much of the 
heavy machine-tool work, which saving, coupled with 
the decreased number of machined rejects in this stage 
of manufacture, reduces the shop overhead costs. 
Not alone for its mechanical features but for its 
electrical features as well, does the designer resort 
to fabricated construction. The same density of field 


ROLLED STEEL FABRICATED BY WELDING DISPLACES MACHINE CASTINGS 


flux can be produced with less copper where the mag- 
netic paths are through rolled steel products instead 
of castings. The characteristic sections, the lighter 
forms, and the simplicity with which openings can 
be provided without weakening a structure make for 
greater freedom of ventilation and hence make pos- 


Fig. 2. A 2600-h.p. Adjustable-speed Direct-current Motor for 
Driving Steel-mill Main Rolls. The magnet frame is of rolled 
slab construction with welded bosses and feet 


sible more output from a given displacement or equal 
output from a more compact design. In cases where 
the internal loads resulting from frequent and rapid 
acceleration and from dynamic braking are of con- 
siderable magnitude, as in motors for elevators, mine 


331 


tions which may be of special size or design, largely 
determine the time necessary for building. Heretofore 
the other element—castings—has often been a limit- 
ing factor in determining the shipping date. Patterns 
to be made, castings to be poured, perhaps in a distant 
foundry, annealing to be done, and losses to be allowed 


Fig. 4. Fabricated Steel Rotor Spider for a Synchronous Motor. The 
hub blocks and bolting bosses are machined and bolted before being 
: welded to the web 


for, all consume much time before an ounce of metal 
is cut in the actual production of the machine on the 
machine-shop floor. Under this new practice, metal 
cutting on the actual parts for the machine can start 
before the blue print is dry, a stator frame can be 


Fig. 3. Stator Frame for a 4500-h.p. Induction Motor for a Steel-mill 
Main-roll Drive. Extensions of the end rings form the reinforce- 
ments for the feet. The wrapper plate openings are for 
ventilation 


hoists, reversing mills, and the like, fabricated con- 
struction throughout results in smaller revolving 
weights and smaller diameters. This reduction of 
WR? or flywheel effect enables the motor, within its 
limit of heating, to do more external work by carry- 
ing heavier loads or by operating on a faster cycle. 
The strictly electrical parts of a special machine, 
such as the windings which are insulated by a long 
course of preparation and treatments or the lamina- 


Fig. 5. Stator Frames Are Fabricated by Welding a Wrapper Plate 
Around a Number of Rings. Reinforcement, feet, and various 
fittings are welded to the structure 


completely fabricated in less time than it takes to make 
a pattern; hence it is quite certain that shipments 
will either be expedited by, or at least they will not be 
delayed by, the parts that were formerly castings. 
Direct-current motors and generators and synchro- 
nous converters are characterized by frames of heavy, 
solid cross-section which form parts of the magnetic 
circuits. Usually a section of sufficient size to meet the 
electrical requirement is amply strong mechanically. 
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ROLLED STEEL FABRICATED BY WELDING DISPLACES MACHINE CASTINGS 


Such magnet frames are now made by hot rolling 
steel slabs to the desired radius. Frames that need not 
be split are rolled from one piece and the ends are 
welded together. Split frames are rolled in semicircles 
and the short straight ends that fail to span the rolls 
are later cut off. 

For feet, short slabs are welded to the frame to give 
the desired dead-rise and these are reinforced by 
plates of thinner material fitted vertically and welded 
to them and to the frame. Pre-machined round bosses 
cut from billets and bolted together to assure their 
alignment are welded on at the joints of split 
frames to hold the halves together. The inside 
diameter runs close to dimension so that a light 
cut cleans up the surface to which the pole pieces 
are fitted. : 

The furnaces in which the slabs are heated and 
“soaked” take 30-ft. lengths and 46-in. widths. The 
heaviest sections rolled seldom exceed 81% in. by 40 
in. Frames as small as 1114 in. inside diameter have 
been rolled from 11%-in. by 13-in. material. 

Armature spiders of large low-speed steel-mill 
direct-current motors and small high-speed motors 
are also fabricated from steel-mill products by much 
the same methods as are employed in the construc- 
tion of the stationary parts of the machines. 

Major parts fabricated by arc welding enter into 
direct-current units designed to meet the most 
strenuous and exacting duties. Such machines drive 
high-speed office elevators, they operate the fastest 
and most modern mine hoists, they drive the widest 
and fastest paper machines, and they drive steel-mill 
main rolls where resistance to mechanical shocks must 
be carried to the highest degree. 

The stator frames of alternating-current machines 
do not form a part of the magnetic circuits but serve 
to hold together and support the stator laminations 
and windings. The design is thus freed from electrical 
considerations and lends itself admirably to fabrica- 
tion. Horizontal or vertical, long or short, four-foot 
or forty-foot diameters are made up in the same gen- 
eral way. A sufficient number of plate rings are sur- 
rounded by a wrapper plate and all securely welded 
together. This structure, now rigid in every plane, is 
fitted with the bars to which the laminations are 
keyed and lifting bars are welded in place. Foot 
plates are welded onto projections which are a part 
of the end and intermediate frame rings of horizontal 
machines and which in themselves form the rein- 
forcements for the feet. A stator frame forty feet in 
diameter and six feet high for a waterwheel-driven 
generator contains two thousand feet of weld. 

Rotor spiders are variously designed to meet the 
conditions. They consist essentially of a hub, a set of 
keyed bars for securing the rotor laminations or a 
rim for the salient poles as the case may be, and 
enough welded plates between to hold the bars or rim 
rigid with respect to the hub. There is no limit to the 


333 


size in which rotor spiders can be fabricated in this 
way, and such structures are highly resistant to cen- 
trifugal force, mechanical shocks, and the jolts of 
short circuits. 

Alternating-current motors, generators, and con- 
densers with fabricated parts are used for steel-mill 
main roll drives, for power shovels, steam turbine, 
steam and oil-engine-driven units, and for ship 
propulsion. They are in the biggest and most modern 
hydroelectric and steam power stations and in the 
most essential substations. 

Bases, guards, and air shields or deflectors are 
common to most of the machines described and 
to many combinations of these and other ma- 
chines. Motor-generators may be made up of two 
to six or more units of various widths, dead rises 
and lengths, and with various bearing requirements. 
Fabrication of bases by the arc welding of standard 
structural shapes neatly solves this complex prob- 
lem, saves time and expense, and the product is emi- 
nently satisfactory. Circular bases for vertical ma- 
chines are usually formed by welding top and bottom 
rings to a deep steel-plate hoop. In any case, standard 
parts are quickly combined, fitted with plate bosses 
to minimize machining, and, without risking a delay, 
the work need not be started until all the design 
factors are thoroughly established. 

Bearing pedestals as large as those required for a 
4000-kw. unit have been fabricated from plates, a box 
form with heavy slab footings giving the necessary 
strength and rigidity. In fact, whenever a standard 
structural shape of the required size or character is 
not available it can be fabricated with little trouble 
from plates or slabs at hand. 

Guards or air deflectors of substantially circular 
dished form for use on large machines were formerly 
cast. With a half-inch thickness of web in the de- 
signer’s mind, the foundries insist on an inch pattern 
and then the castings frequently come 1)4 in. thick. 
They are now fabricated from )%-in. sheets, spun and 
fitted with welded reinforcements. For very deep 
bells the edge is cut and folded and the edges of the 
cuts then rejoined by welding. Sheet metal parts thus 
prepared effect enormous savings in the weight to be 
shipped and to be handled in assembling, as they are 
often of a size in excess of twelve feet in diameter 
by four feet in depth. 

With stator frames, rotor spiders, bases, bearing 
brackets, and accessories of welded fabrications, not 
only is it possible to build units of great capacity 
without castings but itis possible to build them with- 
out the aid of proportionately large machine tools. 

The fabrication of parts begins with the cutting 
of the materials. The present high state of the art of 
flame cutting contributes much to the success of 


‘fabrication work. Plates and slabs from +; to 8 in. 


thick are flame cut fair and smooth to a limit of ẹ in. 
over or under. Semi-automatic machines hold the 
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torches and impart longitudinal, lateral, or circular 
motions, or combinations of these, so as to follow the 
design with great accuracy. A comparatively recent 
improvement in the art is the use of illuminating gas 
instead of the much more expensive acetylene or 
hydrogen commonly used as the fuel gas with the cut- 
ting oxygen. W 

One-half inch plates are cut at the rate of 15 in. 
per minute; l-in. plates at 101% in.; 2-in. plates at 
714 in. The edges are not burned down by the cutting 
process and the cut surfaces are comparable with those 
made by a fine sharp saw in hard wood. 


Fig. 10. Stator Frame for a 40,000-kw. Waterwheel-driven Generator. 
It is approximately 40 ft. in diameter and it required 2000 ft. of 
welding in ite fabrication 


Parts thus cut match perfectly for welding, exposed 
edges require only painting, and machining is con- 
fined to those parts requiring machine fits. Unlike 
machine cutting, the plate does not have to be clamped 
down and much time 1s thus saved in addition to that 
credited to the rapid cutting of the flame as compared 
with any form of tool. Circles larger than seven feet 
in diameter are made up in segments to reduce the 
amount of degraded material which, because of vari- 
ous thicknesses and areas, accumulates faster than it 
can be used for minor parts. 

The welding is done largely by machines which 
automatically feed the electrode from a reel to the arc 
and form the weld at a faster rate than can be attained 
by hand. Hand welding is done around fittings and 
on short seams in general. 


()'*Metal Cutting with Oxy-illuminating Gas.’ by F. P. Witson, Jr., 
GENERAL ELECTRIC REVIEW, June, 1926. p. 443. 
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The procedure in fabricating the stator frame for 
a vertical machine will serve to explain the general 
practice. The bottom ring segments are accurately 
laid out on an iron floor by tramming. Narrow spaces 
are allowed for between the ends of the segments. 
The joints are then welded by the hydrogen-shielded 
arc method") which forms an exceedingly ductile 
weld by preventing oxidation. The complete ring is 
turned over and the welds are finished. Angle-iron 
vertical spacers of proper height are tack welded in 
place, and a completely welded top ring is laid on top 
of the spacers. A cold-rolled steel wrapper plate is set 


Fig. 11. 
Frame, Bearing Bracket, and Exciter Magnet Frame. Hydro- 
electric units vary greatly in design and fabricated con- 
struction is well adapted for such units 


Vertical Waterwheel-driven Generator with Fabricated Stator 


down around the two horizontal rings and the auto- 
matic welder welds the top ring and the wrapper 
together. The vertical angles are knocked out and the 
automatic welder then joins the wrapper and the bot- 
tom ring together. Intermediate rings, bars for secur- 
ing the laminations, lifting bars, and other fittings are 
added, and the frame is ready for such machining as 
may be necessary. The design allows only one-quarter 
of an inch for finish; and so accurate is the cutting 
and the tramming before welding, and so rigid and free 
from warping or springing is the frame that this smal] 
allowance is sufficient even on circles of great size. 

Fabrication by welding is the most outstanding 
development in machine design during a long term of 
years—its economic importance can hardly be over- 
estimated. 


()"Arc Welding in Hydrogen and Other Gases.” by P. Alexander, 
GENERAL ELECTRIC REVIEW, March, 1926, p. 169 
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The World's Largest Synchronous Condensers 


Regulate Voltage on 220,000-volt Circuits—Fabricated Steel Construction Employed in Both Stator and 
Rotor—Latest Advances in Electrical as Well as Mechanical Design Incorporated 


By L. W. RIGGS 
Alcernating-current Engineering Department, General Electric Company 


soso 50,000-kv-a.,3-phase. 
50-cycle, 13,200-volt, 600- 
r.p.m. synchronous condens- 
ers are now nearing completion for 
the Southern California Edison 
Company. These machines are 
the largest synchronous conden- 
sers ever built. They will be used 
to regulate the voltage of the 
220,000-volt transmission lines 
that carry power from the Big 
Creek hydro-electric development 
to the city of Los Angeles and 
vicinity. Two of them will be in- 
stalled in the new Lighthipe Sub- 
Station, and one will be placed in the Laguna Bell 
Substation. Both of these substations are located near 
Los Angeles. 


units.—EDITOR 


Fig. 1. The Frame of a 50,000-kv-a. Synchronous Condenser, 
Made up of Rolled Steel Plates Welded Together 


The total weight of each condenser with its exciter 
is 375,000 1b., and the overall dimensions are 2614 ft. 
long, 16 ft. wide, and 12 ft. high above the bottom of 
the base. 

Each machine when installed will be equipped with 
surface air coolers located in the pit beneath the 
machine. Such a system of ventilation insures 
a constant supply of clean, cool air and_ lends 
itself admirably to the use of gaseous fire extin- 
guishers. The blower effect of the rotor is ample to 


Whatever is the largest of tts 
kind always claims interest on 
account of tts unusual size. But 
_not upon that score alone do the 
machines here described merit the 
attention of all electrical engineers. 


In these machines are embodted all 
the latest mechanical and electrical 
features of design, and in thts re- 
spect they are the forerunners of an 
advanced type of large electrical 


circulate the amount of cooling 
air required. 

In order to secure this result, 
considerable care was necessary 
in designing the air passages. The 
end bells are made of sheet steel 
carefully shaped and designed 
with large radii to avoid abrupt 
turns and to present a neat ap- 
pearance. The fans were given 
special consideration; and the 
wedges in the core were bevelled 
at the air gap to facilitate the 
passage of the ventilating air en- 
tering the ducts. 

Very few castings were used in the construction 
of the machines. The only large cast-iron parts are the 
bearing pedestals and the base which is made 
in four sections securely bolted and doweled together. 
The bearing shells and the exciter subbase were also 
made of cast iron. Cast steel was used for the pole- 
piece end plates and for the rotor coil brackets. All 
the other mechanical parts were made of rolled steel 
plates. In this way strong, reliable material was se- 
cured without undue weight and without the expense 
and delay of making large patterns. 

The stator frame is constructed of steel plates, 
electrically welded into a strong, rigid structure. It 
is split horizontally to facilitate shipment. As 
shown in Fig. 1, the main body is made up of six 
rings cut from steel plates by a gas torch. Integral 
with each ring are two triangular projections to which 
the feet are welded. To the outside periphery is welded 
a curved plate which forms the outside cylindrical 
surface of the frame. Openings are left in this plate 
at the top and bottom as passages for the ventilating 
air. Other openings are provided at the split and 
above the feet to give access to the joint bolts 
and to the bolts that secure the frame to the base. 
All of these openings except the one at the bottom 
are covered by thin plates that can be easily 
removed. At suitable intervals on the inside pe- 
riphery are welded rectangular steel bars that are 
slotted to receive the dovetail keys that carry the 
stator punchings. 

This type of frame has been used for many horizon- 
tal- and vertical-shaft machines, the largest to date 
being a vertical waterwheel-driven generator having 
an outside diameter of 37 ft. Aside from its light 
weight and great strength, this type of frame is 
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especially neat in appearance, and being smooth 
inside, offers few obstructions to the flow of air. 

The stator punchings are made of the highest grade 
non-aging silicon steel. Each punching is coated on 
both sides with insulating enamel baked on at a high 
temperature. A combination die was used in pro- 
ducing the punchings, so that all of the laminations 
are exactly alike. Such uniformity made possible the 


Fig. 2. 


The Assembled Stator Core Ready for the 
Insertion of Windings 


building up of a core that required very little filing of 
slots. The absence of filing, the insulation of punch- 
ings, and the use of the highest grade silicon steel all 
tend to minimize the core loss, which amounted to 
little more than one-third of one per cent of the 
rating. 

Reference to Figs. 2 and 3 will show how the stator 
punchings are clamped axially. The clamping fingers 
were forged from a special non-magnetic alloy of 
great strength and of high electrical resistance. 
This permitted the use of a small cross-section of 
material and greatly reduced the end losses both on 
open and short circuit. The fingers are securely 
fastened to segmental steel plates which in turn 
are held under pressure by bolts that pass behind 
the core to similar steel segments on the other end of 
the assembly. 

The great size of these machines permitted, in the 
stator windings, the economical use of the transposed 
bar conductor that has been employed extensively 
in turbine alternators. Such a winding has practically 
no circulating current, and can be installed or 
removed without distorting the ends and without 
the necessity of heating the bars. Each bar consists 
of a single conductor made up of a large number of 
asbestos-covered strands. Two such bars when in- 
stalled make up a one-turn coil similar in appearance 


(1) According to the A.I.E.E. Standards a` temperature rise of 80 deg. 
C. i permissible for Class B insulation, and 60 deg. C. rise for Class A 
insulation. 
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to the conventional barrel-type coil. The eddy- or 
circulating-current loss within the conductor is re- 
duced to a minimum by the fact that each strand in 
traversing the length of the core occupies every pos- 
sible position in the depth of the bar. 

Since there is only one turn in a coil, a failure 
between turns is impossible unless the external insula- 
tion is destroyed. 

The external insulation consists of a large number 
of mica tapings, compounded several times by the 
vacuum-pressure method. An external layer of ferrous 
asbestos tape is wound on each bar as a mechanical 
protection and to provide a leakage path for any 
corona discharges that might otherwise occur. Such 
an insulation is flexible and does not tend to crack 
when the long, heavy bars are handled. The winding 
successfully withstood a high-potential test con- 
siderably in excess of the standard A.I.E.E. test 
of two times normal plus 1000 volts. Although 
the stator coil insulation is strictly Class B® through- 
out, factory tests indicate that the temperature rise 
at full load is well within the limits of Class A™ 
insulation. 

In order to determine the temperature of the stator 
winding, a liberal number of resistance-type temper- 
ature detectors were installed between the top and 
bottom bars, midway in the length of the stacking. 
Each detector consists of a thin non-inductively 
wound coil having a resistance of 10 ohms at 25 deg. C. 
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A Detail of the Stator Construction Showing Method of 
Clamping Laminations 
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Fig. 3. 
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Each detector is embedded in moulded bakelite 
about +5 in. thick and of the same width as the slot. 
This protects the detector from receiving any venti- 
lation and promotes accuracy in determining the hot- 
spot temperature. 

The bars are held in place in the slots by treated 
maple wedges that are driven into grooves near the 
ends of the teeth of the punchings. Where the wedges 
cross the air ducts they have been given a special 
shape to improve the entrance for the air into the 
duct. Fig. 4 shows the connection end of the stator 
winding and illustrates how each coil is tied down to 
insulated steel rings. The blocking between ends of 
adjacent coils can also be seen. 

The field coils are made of copper ribbon, wound 
edgewise. At suitable intervals the ends of the turns 
are allowed to project beyond neighboring turns. 
This greatly increases the heat dissipating ability of 
the coil. These projections are clearly shown in Fig. 5. 
The insulation of the coils is Class B, non-ferrous 
asbestos being used between turns, and asbestos and 
mica between the coil and pole body. Heavy insulat- 
ing collars are used at the top and bottom of each 
coil to provide insulation and creepage distance at 
these points. The coils are prevented from bulging 
along the sides by rotor coil brackets of the turn- 
buckle type. These are shown in Fig. 6. Springs 
embedded in the field spider at intervals take up any 
shrinkage of insulation that might occur after the 
machines have been in operation for some time. 
Square pockets for the springs can be seen in Fig. 7. 

The pole faces are equipped with a heavy amor- 
tisseur winding, the construction of which is shown 
in Figs. 5 and 6. The bars are of bronze, silver 
soldered to brass segments which in turn are bolted 


Fig. 4. The Completed Stator Showing Winding and End-connections. 
The wedges and coil blocking at ends are also visible 
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to one-piece steel end-rings. These end-rings also 
serve to steady the outer ends of the fan blades. The 
overhanging portions of the bars are supported by 
a rib cast integral with the pole-piece end-plate. 
Axial movement of the squirrel cage is prevented by 


Fig. 5. A Close-up View of Rotor, Showing Projecting Edges of Field 


Turns at End of Coils and the Insulating Collars at Top and 
Bottom of Pole Piece 


brass tubes over the end portions of several of the 
bars per pole. 

The pole punchings are made of thin steel of high 
permeability. They are clamped under heavy pressure 
between cast-steel end-plates. The bottoms are pro- 
vided with T-shaped dovetails which fit into corre- 
sponding slots in the rotor spider. 

The field spider shown in Fig. 7 consists of four 
sections shrunk onto a heavy forged-steel shaft. 
Each section is made up from one-piece steel plates. 
A rotor made in this way can have no hidden 
flaws and is therefore well adapted to carry the cen- 
trifugal force of 3,000,000 lb. which each pole exerts 
when running at normal speed. 

The bearings are of the ball-seat self-aligning ring- 
oiled type, lined with the highest grade of babbitt. 
Each bearing is provided with a dial type indicating 
thermometer, water cooling coils, and pipes for oil- 
pressure starting. They are carried by heavy cast- 
iron pedestals that contain their own oil reservoirs. 
The pedestals are bolted and doweled to the base. 
One of them is insulated from the base to prevent 
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the flow of shaft currents that might otherwise occur 


and damage the journals. 


The base consists of four heavy cast-iron pieces 
bolted and doweled at the corners. An extension is 
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it permits easy inspection and does not require run- 


ning the oil piping to any point outside the machine. 


> e - E 


The direct-connected exciter is rated 165 kw., 250 
volts. Its armature is provided with a flange which 


Fig. 6. The Complete Rotor Assembly. The arrangements of ventilating fans, amortisseur 


windings, and coil brackets are clearly shown 


Fig. 7. 


provided at one end for mounting the subbase that 
carries the exciter frame. The ends of the base are 


hollowed out under the ped- 
estals toa sufficient depth to 
permit removing the rotor 
without lifting the stator. 
The exciter subbase being 
made in a separate piece 
from the base does not inter- 
fere with the removal of the 
rotor. These features are 
shown in Fig. 8, which is a 
photograph of a 25,000- 
kv-a. machine duriny assem- 
bly in the shops. 

The oil-pressure starting 
outfit is mounted on top of 
one corner of the base as 
shown in Fig. $. This is a 
very convenient location as 


Are Shrunk Onto the Shaft in Four Sections 


Fig. 8. The Mounting of an Oil-pressure Starting Outfit on a 
Corner of the Machine Base, the Mounting of the Exciter 
on a Subbase, and the Hollowing Out of the Base Beneath 
the Bearing Pedestal and the Exciter of This 25,000-kv-a. 
Synchronous Condenser Are Features of Construction That 
Were Employed also in the 50,000-kv-a. Condensers 


is bolted to the end of 
The magnet frame is made of hot-rolled steel of 


The Rotor Spider, Constructed of Laminations Punched from Steel Plates Which 


the condenser shaft. 
ample section to carry the 
flux. The only castings used 
in its construction are the 
armature spider and the 
support for the brush rig- 
ging. 

Inthe frontispieceis shown 
the first of the synchronous 
condensers during full-load 
heat run in the Testing De- 
partment. This test showed 
that the machine met by a 
considerable margin its heat- 
ing guarantees of 60 deg C. 
rise in the stator by tem- 
perature detector and 80 
deg. C. rise in the rotor by 
resistance. 
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Economies of the Emmet Mercury Process 


An Efficient Means of Enlarging Existing Plants—Design of Equipment—Economies Effected by Use 
in Combination with Typical Plants—Results of Application 


By W. L. R. EMMET 
Consulting Engineer, General Electric Company 


HE Emmet mercury-vapor process affords a 

means of accomplishing very large fuel savings 

under a variety of conditions. In most cases it 
is conveniently applicable to the enlargement of 
existing power plants, or to give a large output of 
power, electrical or mechanical, wherever steam has 
to be produced for any purpose. It is, therefore, de- 
sirable that a proper conception of its possibilities be 
formed so that it may find early applications to the 
many eases where it affords the largest economic 
advantage. 


A Steam Producer 

The heat rejected in the exhaust of a mercury tur- 
bine is used to make steam. The process may there- 
fore be conveniently regarded as a steam-making 
process and, consequently, a substitute for the steam 
boiler. Incidental to this production of steam a large 
amount of power is produced by the mercury turbine; 
but the production of steam is only a little less than it 
would be if the same quantity of fuel were burned in 
a steam boiler. The heat equivalent of the power pro- 
duced by the mercury turbine is alone withdrawn 
from the heat delivered to the steam, and this amounts 
to less than 20 per cent of the whole. 


Added Power with Small Fuel Increase 

Since the heat of the condensing mercury is not 
lost, the power from the mercury turbine is obtained 
at a very low fuel cost, only slightly greater than the 
heat equivalent of the power taken out. Thus, con- 
sidered as an addition of capacity to an existing plant, 
a mercury installation may be regarded as about four 
times as efficient as good steam apparatus of the same 
capacity. The latest developments of the steam- 
electric plant give heat efficiencies not better than 
25 per cent while mercury installations, thus con- 
sidered as additions to existing plants where steam 
is required, have an efficiency of about 85 per cent. 


Construction and Action 

To obtain an understanding of how the foregoing 
gain in efficiency is obtained requires a familiarity 
with the principles of the mercury process. 

Figs. 1 and 2, which give elevations of a 10,000-kw. 
equipment now being built, show all the principal 
parts and will serve as an illustration of possibilities. 
The equipment is designed for the following results: 
Full-load output of mercury turbine........... , 10,000 kw. 


Coal burned per hour.................... .... 14,500 1b. 
Steam produced per hour, 3501b. gauge, 700 deg. F. 125,000 Ib. 


The fuel is burned in the furnace, as in a steam 
boiler; and the products of combustion pass succes- 
sively through a mercury boiler, a mercury liquid 
heater, a steam superheater, a feed water heating 
economizer, and an air preheater. The first two of 
these give heat to the mercury. The others give it to 
the steam or return it to the furnace. 

The mercury vapor made in the boiler passes first 
through a turbine driving a 10,000-kw. generator at 
720 r.p.m. and then exhausts into a pair of surface 
condensers. The tubes of these condensers contain 
water, so that the heat delivered to them by the con- 
densation of the exhaust mercury vapor causes them 
to make steam which collects in drums above the 
tubes at which point it is available for use. In the 
equipment being described, this steam passes from 
these drums through the superheater mentioned. 
The condensed mercury is drained through a cleaning 
sump and then runs by gravity through the liquid 
heater and into the boiler. By mounting the condenser 
high enough above the boiler, the weight of the de- 
scending column of mercury overcomes the boiler pres- 
sure so that no feed pump is required. For other pur- 
poses, the arrangement might in some respects be 
slightly different; but this installation may be con- 
sidered as typical. 


Data for 10,000-kw. Unit 

The following table gives data as to designed con- 
ditions in this case, and its substantial accuracy is 
fully established by experience with apparatus now 
operating: 


Output of mercury turbine.................. 10,000 kw. 
Speed of mercury turbine................... 720 r.p.m. 
Steam produced per hour................... 125,000 Ib. 
Seal Pressures adria ita 350 lb. gauge 
Steam temperature..................00000ee 700 deg. F. 
Mercury vaporized per hour................. 1,150,000 1b. 
Temperature mercury vapor................ 884 deg. F. 
Pressure vapor at mercury turbine........... 70 lb. gauge 
Vacuum in mercury condenser... ............ 28 in. 
Temperature mercury exhaust............... 458 deg. F. 
Gas temp. beyond mercury liquid heater...... 950 deg. F. 
Gas temp. beyond steam superheater......... 650 deg. F. 
Gas temp. beyond water economizer.. ... 480 deg. F. 
Gas temp: to stack. socorrer 280 deg. F. 
Air temp. entering furnace.................. 390 deg. F. 
Coal burned per hour...................... 14,500 Ib. 
Heat in coal per pound..................... 14,500 B.t.u. 


Results of Application 

With the knowledge that such results can be pro- 
duced, it is easy to calculate what effect the use of 
such a method of steam-making will have in any 
type of plant, or what its partial or complete 
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substitution for steam boilers will accomplish in any 
existing case. Exact calculations of such economies, 
however, will require much study of detail in each 
specific case; but a general idea of the possibilities 
can be obtained from the follow- 
ing figures which give approxi- 
mately the fuel economies that 
can be attained withthe mercury 
process in combination with ap- 
paratus of different types in 
existing steam plants: 


L SMOKE FLUE 


LETE 
/60.000 LAS. 


FUEL RATES IN B.T.U. PER KW-HR. 


Steam Steam Per Cent £ 
Alone aak y Gain : : 
Cie: aM k i } 
A 14,000 9,400 50 hep < 
B 17,000 | 10,400 64 it d 
C 22,000 | 11,600 90 NI 
D 35,000 | 13,800 | 150 | 


Case A represents the best 


development of modern plants T 
with 350 lb. pressure, high super- ER 
heat, and the most effective o 
auxiliary and feed heating ar- a 
rangements. pa’ 
Case B represents a station è AP 
that was considered very good l — 
a short time ago with about 200 Re Jä af EN 
; | 


lb. steam pressure, less perfect 
firing and auxiliary arrange- 
ments, and less superheat. 

Case C represents a station in 
which conditions of size, load 
factor, or efficiency are even less 
favorable. 

Case D represents what might 
be done in a good non-condens- 
ing station. 

The ratios here shown are 
not much affected by the usual 
causes of relative inefficiency 
such as load factor, turbine effi- 
ciency, or condensing facilities. 
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Best Applications \ 

In studying the economies 
of this process it 1s best to con- 
sider its merits as an addition 
to an existing plant rather than | 
its full application in a new 
plant. It will generally be as NN E 
an addition that its applica- Fr =l 
tion will give the largest return VAS 
for the investment, although its 
extensive use in new plants will 
also be highly profitable. The 
difficulty and cost of adding such 
units to existing plants will vary 
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widely. In some cases they can be put into existing 
structures conveniently and at a minimum expense, 
outside of the cost of the apparatus itself; but in others 
it will require radical building changes or additions. 
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Side Elevation of Mercury Vapor Equipment. The use of such an installation provides 
power economically and at the same time produces steam 
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Even where the cost is very high, however, the Standard Units | 

addition should be desirable because the increased The 10,000-kw. unit is fully developed; and it 
output is obtained at the remarkably low rate of is desired for the present to apply it wherever 
about 4000 B.t.u. in fuel per kilowatt-hour added. possible, with such slight changes as are conven- 
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ient. It will later be desirable 
to develop other sizes for 
power stations, and there may 
be many special uses of the 
process which will require new 
developments of detail which, 
for the present, must be 
avoided. 


The size of the unit here 


A $ shown corresponds approxi- 
SS mately with boiler units fre- 
1E : quently used in modern power 
| stations, and may serve as a 
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desirable standard for power 
station work. 
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Fig. 2. End Elevation of Mercury Vapor Equipment. The electrical output of the turbine 


is 10,000 kw., and the turbine output produces 125,000 Ib. of steam per hour 
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turbine unit which would take 
steam at 350 lb. gauge pressure, 
superheated and exhausted into 
the street mains at 100 lb. per 
sq. in. and saturated, the results 
with the best coal burned efh- 
ciently would be about as 
follows: 


Fuel burned per hour 14,500 lb, 
Steam delivered per 
DOUE idas 125,000 1b. 
Power produced by 
mercury turbine..... 
Power produced by 
steam. ............. 3,400 kw. 
Total power produced.. 13,400 kw. 


10,000 kw. 


From these figures it will 
be seen that the power is pro- 
duced at a rate of about 16,000 
B.t.u. in fuel per kilowatt-hour, 
which is comparable with very 
good condensing steam sta- 
tions, and that all this 100-1b. 
heating steam is produced in 
addition. 
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Transformer Windings with Fractional Turns 


Analysis of What Constitutes a Transformer Turn—Unbalanced m.m.f's. May Arise from Fractional 
Turns—Cases Where Fractional Turns May or May Not be Used 


By R. H. CHADWICK 
Engineer, Transformer Dept., Fort Wayne Works, General Electric Company 


N the two-legged core-type 
transformer, the question of 
fractional turns is never 

raised. If the wire passes once 
through the window in the core 
this passage constitutes a turn, 
and if the wire does not pass 
through the window there is no 
turn at all. There is no question 
of a partial or fractional turn. 

For example, in Fig. 1 there 
are three turns. The wire makes 
three complete circuits of the coil 
and passes three times through the core window. In 
Fig. 2 the wire makes only two complete circuits of the 
coil, and a small fraction of a third circuit, but as 
this small fraction takes it through the core window, 
we have three turns. In Fig. 3, although the wire 
makes most of three circuits of the coil, it passes 
through the window only twice, and we therefore 
have only two turns. 


Fig. 1. Three Complete Turns in Fig. 2. 
a Two-legged, Core-type 


Transformer 


Here is a straightforward and 
interesting analysis of the exact 
meaning af a transformer turn. 
A fraction of one turn seems at 
first thought insignificant, but it 


may constitute poor design in 
some cases on account of magnetic 
unbalances created and the con- 
sequent greater core losses. 


A Winding on a Two-legged, Core-type 
Transformer, Showing How the Effect of 
Three Turns May be Produced by the 


exact turn ratio, and, second, for 
mechanical convenience in ar- 
ranging heavy current leads on 
opposite sides or in different quad- 
rants of the core. While it is true 
that the ratio of the transformer 
still remains approximately the 
ratio of the number of turns, even 
when the number of turns is frac- 
tional, there is nevertheless a 
serious pitfall which the designer 
must avoid when using fractional 
turns. 

Consider the fundamental theory of a transformer. 
When the secondary is open-circuited, the primary 
takes from the line sufficient current to magnetize 
the core and supply the core losses. As soon, however, 
as the secondary circuit is closed and load current is 
taken from the transformer, the primary winding 
must take from the line additional current, sufficient 
to balance this load current, else the transformer core 


— EDITOR 


O 


Fig. 3. A Case in Which a Winding 
of Almost Three Turns Produces 
the Effect of Only Two 


Use of Only Two Complete Turns 


But suppose the core is split in two parts and one 
part is rotated, as in Fig. 4, then it is possible to 
conceive of a half-turn. 

It we rotate one of the split-off parts through 180 
_deg. we have a two-part distributed core, and in 
Fig. 5 we see such a core with two and one-half turns. 
If the core is again divided and rotated we have a 
four-part distributed core, on which there may be 
quarter-turns, as in Fig. 6, where we have three and 
one-quarter. 

There is a natural temptation to use fractional 
turns on transformers with few turns, first, to obtain 


would be saturated by the load current which 1s of 
very much greater magnitude than the exciting 
current. 

Now, supposing we have a half turn as shown in 
Fig. 5, the core in this diagram may be considered 
as made up of two separate magnetic circuits. One 
of these magnetic circuits surrounds two conductors 
of current; the other magnetic circuit surrounds three 
conductors of current. The magnetomotive force in 
ampere-turns on the first circuit 1s two times the 
current in amperes. On the second magnetic circuit 
the m.m.f. is three times the current in amperes. 


TRANSFORMER WINDINGS WITH FRACTIONAL TURNS 


If this be the secondary winding of a transformer, 
when it is loaded the primary winding will try to 
provide the m.m.f. of 27, on the first magnetic circuit 
and 3 I, on the second magnetic circuit. The same coil 
cannot supply the two different values of m.m.f. and 
would, therefore, supply approximately the average of 
the two. This leaves an unbalance on both magnetic 
circuits since in the first circuit the primary m.m.f. 
will be greater than the secondary, and in the second 
the secondary m.m.f. will be greater than the primary. 

The same line of reasoning applies if the winding 
with a fractional turn 1s the primary, and the winding 
with a full number of turns is the secondary. In either 
case 1t is impossible for the magnetomotive forces of 
the two windings to balance. 

An unbalanced m.m.f. in the magnetic circuit of a 
transformer is a thing to be regarded with suspicion, 
and to be tolerated only after very careful considera- 
tion. It is the purpose of this article to discuss the 
theoretical limits within which such unbalance can be 
tolerated. 

Still referring to Fig. 5, if J, is the secondary current 
then the difference in ampere-turns on the two mag- 
netic circuits is 1 Z,. If the primary current assumes 
a value which will balance the average of the secondary 
ampere-turns on the two magnetic circuits, the 
primary ampere-turns must be lx I, greater than the 


N 


Fig. 4. The Result of Splitting the Core When 
Partial Turns Are Used. The fractional turn 
now produces a magnetizing effect 


secondary ampere-turns on one side and lx J, less 
on the other. That is, the unbalanced m.m.f. on either 
side of the magnetic circuit is 4 J,. 

The criterion of the detrimental effect of the 
unbalanced m.m.f. is the amount by which the core 
excitation is increased. It would be a rather tedious 
and unsatisfactory calculation to determine for each 
case just how much the core excitation is increased by 
the unbalance due to fractional turns, and it would be 
necessary to have a saturation curve for the particular 
core used. However, it should be possible to establish 
some general limits and to say that on one side of 


343 


these limits fractional turns can be used with safety, 
while on the other side of the limits fractional turns 
may or may not be acceptable; and, if the inducement 
to use a fractional turn is great enough, the designer 
can give detailed consideration to the particular 
case in question. 

For establishing such limits, 1t would seem that 
the ratio of unbalanced m.m.f. to the exciting m.m.f. 


Fig. 5. A Two-part Distributed Core Showing 
a Winding with Two and One-half Turns 


should be a satisfactory criterion. It is true that the 
unbalanced m.m.f. is not likely to be in phase with the 
exciting m.m.f., because the power-factor of the load 
current is not likely to be as low as the power-factor of 
the exciting current. However, since we are attempting 
to establish limits only, and are not looking for 
accurate figures as to the core densities involved, we 


Fig. 6. A Four-part Distributed Core, in Which 
Quarter-turns Produce Magnetic Effects 


are working on the safe side when we limit our m.m.f. 
unbalance to a percentage of the exciting m.m.f. 

It would appear that a conservative limit for the 
unbalanced m.m.f. would be 3 per cent of the normal 
exciting m.m.f. Taking account of the fact that the 
increase in core density 1s considerably less than the 
increase in m.m.f. and that the added m.m.f. of 
unbalance is not in phase with the normal excitation 
m.m.f., it appears perfectly safe to permit this 5 per 
cent unbalance. 

For example, suppose in a distributed core the 
normal exciting current is 5 per cent. The unbalanced 
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m.m.f. due to a half-turn in the secondary winding is 
0.5 I, and the exciting m.m.f. 0.05 N,J,, where N, 
1s the number of secondary turns. 

But the limiting case is when (from our assumed 
limit) 


Unbalanced m.m.f. 0.5 I, = 0.08 
Exciting m.m.f. ~ 0.05 NI, ` 


Solving, N,=200. That is, a half-turn may be used 
without unbalancing the m.m.f. more than 5 per 
cent if the total number of turns is not less than 200. 
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loss and exciting current, and since the flux unbalance 
exists only when the transformer is loaded, the 
measurement of these differences would be very 
dificult. In the case of a series or current trans- 
former, however, conditions are sufficiently exag- 
gerated so that the evidence of the unbalance can be 
clearly seen. In Fig. 7 are shown curves of the ratio 
and phase angle of such a transformer rated at 100 
amp. primary, with half turns on both windings 
(curves No 1), then rewound with full turns on both 
windings (curves No. 2). It is seen that the effect of 
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Fig. 7. The Effect of Fractional Turns Upon the Ratio and Phase 
Angle of a Current Transformer 


For the quarter turn, in Fig. 6, there is one magnetic 
circuit having one more turn than each of the other 
three circuits. If the coil shown in this diagram repre- 
sents the secondary coil of a transformer, then the 
primary current must adjust itself to a value such that 
the primary ampere-turns will balance the average of 
the magnetomotive forces on the four circuits. This 
means that on one circuit the secondary m.m.f. will 
be 34 I, greater than the primary, and on each of the 
others the primary will be 44 I, greater than the 
secondary. 

Now, if we again adopt the limitation that the 
unbalanced m.m.f. must not exceed 5 per cent of the 
normal exciting m.m.f. and assume 5 per cent exciting 
current. 


Unbalanced m.m.f. 0.75 I, =0.05 
Exciting mmf. 0.05 NI, ` 
N,=300 


The same quantities apply to a three-quarter-turn 
as to a quarter-turn. 

Obviously if the 5 per cent unbalanced limitation is 
imposed on the core leg having the greatest unbalance, 
the increase over normal core loss and exciting current 
will not be as great as in the case of a half-turn, 
because three-fourths of the core is unbalanced only 
one-third as much as the leg which imposes the limit. 

Experimental confirmation of these figures as 
applied to shunt or potential transformers used for 
distribution is almost impossible to obtain because 
the evidences of the flux unbalance are increased core 


the half-turn is to make the transformer slightly 
better at 10 per cent of normal current but very 
much worse at full normal current. This is as might be 
expected because the flux density in a current trans- 
former is normally very low, and the effect on the 
ratio of increased core reluctance is very direct. 


Fig. 8. A Diagram of the Coil Arrangement in a Transformer 
Specially Built for Determining the Unbalancing 
Effect of Fractional Turns 


Another specially built series transformer was used 
to make qualitative checks on the unbalancing of 
flux due to fractional turns. The arrangement of coils 
in this transformer is shown in Fig. 8. The primary 
contained 21% turns, and the secondary 298. Other- 
wise it was similar to a standard 600-amp. current 
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transformer, whose turns were 2 and 238, respec- 
tively. With a normal burden in the secondary circuit, 
the exploring coils measured flux densities of 15.2 
kilolines per sq. in. in the middle leg and 190 kilolines 
in the outside legs. In this case the conditions have 
been made so extreme as to actually saturate the 
outside legs of the core. 

Under such conditions the resulting ratio error 
can be detected by ordinary ammeter measurements. 
With primaries of the special transformer and a 
standard transformer in series carrying 600 amp. and 
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with a normal burden in each secondary circuit, 
ammeters in the secondary circuits showed: 

Standard Transformer = 5.03 amp. 

“Freak” Transformer = 4.62 amp. 

In the case of a current transformer the answer to 
the question, ‘‘ When can a fractional turn be used?” 
is ‘‘ Never. ” The limits used for shunt transformers are 
of no particular interest in connection with series 
transformers, but the series transformer happens to 
be more useful for demonstrating by actual test that 
the flux unbalance does exist. 


Automatic Control Equipment for 1500-volt Arc Rectifier 
Substations of the Chicago, South Shore and South 
Bend Railroad 


First Installation of Rectifier Substations— Description of Mercury Arc Rectifier Equipment— 
Description of Control—Operation of Substation—Special Protective Features 
Necessitated by Use of Rectifiers 


By E. L. HOUGH 
Engineering Department, St. Louis Office, General Electric Company 


HE rehabilitation of the 
Chicago, South Shore, and 
South Bend Railroad, form- 

erly known as the Chicago, Lake 
Shore and South Bend Railway, 
which was undertaken in the 
summer of 1925, has progressed 
to the point where the power 
supply system has been rebuilt 
and most of the new equipment 
has been placed in service. As 
previously announced in the tech- 
nical press, the electrical equip- 
ment has been changed from 6600 
volts alternating current to 1500 volts direct current. 
One advantage of this change is that 1t permits the 
operation of South Shore trains with their own equip- 


a Converter Substations 


O Rectifier Substations 


Fig. 1. Map of the Electrified Section of the Chicago, South 
Shore and South Bend Railroad, showing the location 
of both the rectifier and converter substations 


ment directly into the Chicago terminal area although 
the trains run over the tracks of the Illinois Central 
Railroad from Kensington, IIl., to the Loop District of 


So far as we know, this is the 
first description of the automatic 
control of a mercury arc power 
rectifier. The «instructive infor- 
mation given possesses more than 


the interest of novelty because the 
control functions strictly in ac- 
cordance unth the high standard 
previously set by the automatic 
control of rotary conversion appa- 
ratus.—EDITOR 


Chicago. The [Illinois Central 
railroad has placed its Chicago 
terminal electrification in service, 
the 1500-volt direct-current sys- 
tem being used. 

Power supply for the South 
Shore lines is obtained from a 
33,000-volt high-tension line which 
feeds eight substations located 
along the right-of-way. At these 
substations the voltage is stepped 
down and converted to 1500 volts 
direct current. In so far as eco- 
nomically feasible, automatic 
control equipments have been employed in the 
substations. Where the presence of attendants was 
necessitated by other considerations, partial auto- 
matic control has been installed. A unique feature 
of the power supply system is the use of mercury 
arc rectifiers in four of the eight substations. This 
represents the first application of 1500-volt rectifiers 
and of 1500-volt automatic rectifier control in this 
country. A map of the route showing the location 
of both the converter and rectifier substations is 
given in Fig. 1. 

Since the use of automatically controlled rectifiers 
is an innovation in this country, a brief description of 
the automatic control equipment for this installation 
will be of interest, particularly to those contemplating 
installation of this type of equipment. Many of the 
elements of the control parallel very closely those 
which have been used for some time in railway sub- 
station control equipments while others are peculiar 
to the rectifier station itself. 
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Each of the 750-kw. rectifier substations con- 
tains a single rectifier tank which is rated at 500 amp. 
1500 volts. Fig. 2 shows the front, and Fig. 3 the 
back view of the control for such a substation. Power is 
supplied to the anodes of the rectifier by a step-down 
transformer which is connected double “Y” on the 
secondary and “Y” on the high-tension side. The 
transformer is also equipped with a tertiary winding. 
The transformer is connected to the high-tension line 
through an automatically operated oil circuit breaker 
and is protected by means of standard alternating- 
current overload relays. The 1500-kw. unit in Substa- 


Fig. 2. Automatic Control Equipment for a 750-kw., 1500-volt 


Rectifier and One Reclosing Feeder (front view) 


tion No. 4 at Furnessville is similar except that the 
rectifier consists of two tanks operated in parallel as 
a single unit. The connections are similar except for 
the use of anode transformers to provide for properly 
balancing the load between the anodes of the two 
tanks. For initial starting of the rectifier (bakeout) 
it is necessary to provide for the supply of low voltage 
to the anodes. This is accomplished by connecting 
the anode leads to a terminal block provided with 
removable links which allow the insertion of a step- 
down or '*bakeout” transformer between the main 
transformer secondary leads and the rectifier anodes. 

The positive lead of the rectifier is taken directly 
from the cathode, the cathodes of the 1500-kw. 
unit being connected permanently in parallel. The 
positive lead runs through the instrument shunt, the 
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relay shunt, two steps of load limiting equipment, a 
direct-current line contactor, and a “reversed” high- 
speed circuit breaker to the direct-current bus. 

The negative lead is taken from the “Y” points of 
the transformers, the two ‘‘Y’s’’ being connected 
through an interphase transformer. The midpoint of 
the interphase transformer is connected to the nega- 
tive bus through a saturation winding, which gives a 
compounding effect and then through a direct-current 
reactor, and a high-speed breaker. 

A schematic diagram of the rectifier connections is 
shown in Fig. 4. Control power is obtained from a 


Fig. 3. 


Back View of the Equipment Shown in Fig. 2 


small three-phase transformer connected to the high- 
tension line just ahead of the oil circuit breaker. 
The satisfactory operation of a rectifier depends 
upon maintenance of proper vacuum and temperature. 
Since the rectifier must be ready to go on the line at 
any time it is desirable to maintain the tank temper- 
ature and vacuum at an operating value at all times. 
In order to hold the tank temperature at the correct 
value thermostat control is employed. If the tank is 
not warm enough this thermostat energizes a contactor 
which applies current to the tank heaters. When the 
tank reaches a predetermined temperature the heaters 
are cut cff. If, during operation, the temperature 
should exceed a certain higher value the thermostat 
functions to start the water pump and at the same 
time to open a solenoid valve which permits cooling 
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water to flow through the tank jacket. Under normal 
conditions the tank temperature is thus maintained 
at the proper value. In the case of the two-tank unit 
thermostats are provided in each tank. | 

Proper tank pressure, or rather vacuum, is main- 
tained by a pumping unit consisting of a rotary pump 
and a Langmuir mercury condensation pump. When 
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Fig. 4. Schematic Diagram of the Rectifier Connections 


Over load 
Relays 


the rotary pump reaches its approximate running 
speed, a speed switch on its shaft makes contact to 
open the solenoid operated vacuum line valve. This 
valve serves to shut off the vacuum line when the 
pumps are not running and thereby prevent leakage 
through the pumps. 

Devices are provided to start and stop the stations 
in accordance with load demand in a manner identical 
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to the load responsive starting scheme employed in 
other automatic railway substations, and which con- 
sists of voltage and load indicating relays and time 
delay starting and stopping relays. 

When the starting indication is given by the load 
responsive equipment the master contactor is ener- 
gized and closed if the station is not being held 
oft by the protective devices. The closing of the 
master contactor starts the small a-c. to d-c. excit- 
ing set which supplies power for the exciting arc 
of the rectifier. As soon as the exciter voltage builds 
up, an arc striking solenoid on the rectifier is energized 
and operates to strike the exciting arc. When the 
exciting arc circuit has been established as indicated 
by the exciting arc relay the solenoid is de-energized, 
thus allowing the exciting anode to rise and start the 
exciting arc. This arc is kept playing continuously as 
long as the rectifier is under load. It was originally 
intended to cut it off when the load was sufficient to 
maintain the arc, but it was found that the load 
fluctuated so rapidly and through such wide limits 
that this scheme could not be used in this particular 
installation. 

Within a short time after the arc has been es- 
tablished the oil circuit breaker is closed by the 
operation of a reclosing relay similar to the one used 
for controlling oil circuit breakers in alternating-cur- 
rent reclosing service. As soon as the oil circuit 
breaker has closed, a circuit is made to close the 
negative high-speed breaker, the positive high-speed 
breaker, and the direct-current line contactor in order. 
This connects the rectifier to the direct-current bus 
through the load limiting equipment, and if the load 
is not excessive the load limiting resistor shunting 
contactors close to connect the rectifier directly to 
the bus. 

Normally a station is shut down by the operation 
of the load responsive equipment. This causes the 
master contactor to drop out and in turn to open the 
oil circuit breaker and the direct-current circuit 
breakers and contactors. The stations are also pro- 


SUBSTATION DATA 


Station 


No. Station Name Location Converting Units Type of Control 
1 Columbia Ave. Hammond, Ind. 2—750-kw. Rotary Converters in Series Partial Automatic 
2 Gary Gary, Ind. | 2—750-kw. Rotary Converters in Series Automatic 
3 Wickliff 8.5 mi. cast of 2—750-kw. Rotary Converters in Series Automatic 
c | Gary, Ind. 
A a y ee A A ———_—— —  ______ a ]-| 
4 Furnessville 9.5m1. westof Mich- 1500-kw. Rectifier Automatic 
igan City, Ind. 
5 Eastport Just east of Mich- 2—750-kw. Rotary Converters in Series Partial Automatic 
igan City, Ind. 
6 Tee Lake 9 m1. east of Mich- 250% 0-kw. Rectifier | Automatic 
igan City, Ind. | 
7 New Carlisle New Carlisle, Ind. 750-kw. Rectifier | Automatic 
8 Grand View 1 mi. west of South 750-kw. Rectifier | Automatic 


Bend, Ind. 
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vided with supervisory control of the carrier current 
selector type thus permitting the load dispatcher at 
Hammond to start and stop the stations. 

Protection against alternating-current under- 
voltage, direct-current overload, severe alternating- 
current overload, load limiting resistor overheating, 
and delayed starting sequence is provided by an 
alternating-current undervoltage relay, direct-current 
overload relays, alternating-current overload relays, 
resistor thermostats, and a time delay starting pro- 
tective relay, in a manner analogous to the protec- 
tion provided for automatically controlled rotating 
apparatus. Single-phase starting and running protec- 
tion is provided by means of a single- and reverse- 
phase relay of the potential type. 

Failure of the exciting arc causes the arc striking 
equipment to endeavor to re-establish the arc and if 
this does not take place within a definite time the 
station is shut down and locked out. Extreme varia- 
tions in tank temperature such as might be caused 
by failure of the cooling water or heaters shuts the 
station down and prevents restart. 

Although a rectifier is theoretically a valve which 
allows current to flow in one direction only, in practice 
there is the possibility of an occasional *“arc-back.” 
This phenomenon within the tank constitutes a short 
circuit on the direct-current side and on one or 
more phases on the alternating-current side. When an 
“arc-back” occurs it is desirable to isolate the rectifier 
from both the alternating- and direct-current systems. 
To accomplish this a high-speed circuit breaker ar- 
ranged so as to trip on reverse current flow only is 
eonnected in the positive lead. With this arrange- 
- ment an arc-back opens the d-c. side instantly and by 
means of an interlock on the high-speed breaker the 
oil circuit breaker is tripped at the same time. The 
tripping of the oil circuit breaker energizes the reclos- 
ing relay, which recloses the breaker after a time delay. 
If the rectifier does not arc-back normal operation is 
resumed. If a second arc-back occurs the process is 
repeated. After three arc-backs in succession within 
a definite time the station is shut down and pre- 
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vented from restarting until an inspection has been 
made. 

Automatic reclosing direct-current feeder equip- 
ments of the load indicating high-speed breaker type 
are provided for each station in order to isolate 


Fig. 5. Automatic Reclosing Feeder Equipment for 
1500-volt, 2000-amp. Feeder 


sections of the line in trouble. The complete equip- 
ment for a 2000-amp., 1500-volt automatic reclosing 
feeder is shown in Fig. 5. 

Although the control of mercury arc rectifiers is 
materially different from the control of rotating 
apparatus, it is no more complicated and operates 
with the same reliability. 
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The Organization and Problems of National 


Broadcasting’ 


The Ideal Objective—The Practical Objective—Population Density—Number of Stations—Analysis of 
Frequency Bands—Service and Interference Ranges—Power Required for Metropolitan 


Areas—Rural Areas 
By Dr. ALFRED N. GOLDSMITH 


Chief Broadcast Engineer, Radio Corporation of America 


Chairman Board of Consulting Engineers, National Broadcasting Company 


HE purpose of broadcasting 

l is to radiate electro-mag- 

netic waves to all persons 
in the area to be covered, whether 
this be a country, a continent, 
or even the world itself. 

In this connection, it may be of 
interest to point out that terres- 
trial broadcasting is, after all, 
a trivial thing when considered 
from the standpoint of the uni- 
verse. The most efficient broad- 
casting agency in this part of the 
universe is the small star which 
we call the Sun. It sends very high 
frequency electro-magnetic waves 


Any public service which is of 
country-wide usefulnesseventually 
spreads beyond the territory of its 
origin and becomes of national 
scope, as for example those fur- 
nished by the railroads, tele- 
phones, and radio. In the course 
of this expansion many new d:fh- 
culties arise, some technical, some 
economic, and others which call 
for a skillful organizing of the 
component agencies. Dr. Gold- 
smith here analyzes the problems 
encountered în rendering national 
radio broadcast service and out- 


ideal setup were our aim, we 
should have to insist that every 
person in the United States should 
be capable of receiving at all times 
(day or night, and winter or sum- 
mer) a signal of satisfactory in- 
tensity, t.e., of 1 to 10 millivolts 
per meter and as close to the latter 
value as possible. We should also 
require that the received signal 
be a clear one, using excellent 
studio pick-up apparatus skill- 
fully handled, distortion-free mod- 
ulation, and artistic supervision 
of technical operation. It would 
also be necessary that the pro- 


to the earth and thus furnishes us 
with the light and heat which 
enable life to continue. It is an 
astoundingly tremendous transmittingstation from our 
small point of view. Indeed, the total solar radiation 
received by the earth, if paid for even at the attractive 
rate of one cent per kilowatt-hour, would cost the in- 
habitants of this planet nearly $500,000,000 per second. 
Fortunately, no payment is demanded. The sun is 
not, however, an efficiently directed ‘‘beam trans- 
mitter,’’ but sends its light waves in all directions; 
and the earth intercepts less than one two-thousandth 
of a millionth part of the total radiated solar energy. 
Under the circumstances, it is financially less appal- 
ling if we refrain from calculating the value of the 
total solar radiation in terms of kilowatt-hours at 
any given rate and turn from that cosmic transmitter 
to those microcosmic transmitters which, shedding 
another sort of light over parts of the earth, give 
us what we call broadcasting service. In this article 
we shall have occasion to point out how small would 
be the total amount of power required to give excel- 
lent broadcasting service to practically every listener 
in the United States, although this necessary amount 
considerably exceeds that which is now employed 
for the purpose. 


An Ideal Broadcasting Organization 
It is first necessary to agree on some sort of an 
objective in national broadcasting. If an absolutely 


*This article was presented as a paper before the National Electrical 
Manufacturers’ Association, at Hot Springs, Va., June 3, 1927. 


lines their solutions..—EDITOR 


gram at all times be of excel- 
lent quality,which would involve 
the highest grade of artists or 
entertainers, directed by showmen of consummate 
skill, or, at other times, the best possible educational, 
political, religious, and other desirable elements in 
broadcasting. And, finally, there would be added to 
these ideal requirements that of diversified program 
choice, whereby every listener could select one of a 
number of excellent programs of different character, 
so that any taste could be instantly gratified. For 
this service, selective receivers would be required 
together with a most elaborate organization of 
national broadcasting, including a completely co- 
operative inter-relation of all individual stations and 
networks of stations. It is hardly necessary to add 
that this ideal arrangement is somewhat beyond our 
hopes for the near future. 


A Practicable Broadcasting System 

We can perhaps agree on a practicable program of 
entirely acceptable nature considered by-and-large. 
Under such a practical system, most listeners would 
get loud signals from some stations at least a con- 
siderable portion of the time; the signals received 
under such conditions would be clear; and of the 
programs heard at least one would generally be of 
an excellent quality. More than one program would 
be available to practically all listeners occasionally, 
and most listeners would have the choice of a con- 
siderably larger number of programs. 


350 July, 1927 


Economic considerations require us to accept the 
practical arrangement in lieu of the ideal solution, 
at least for the present and perhaps for all time. 


Broadcasting Service as Related to Population Density 

The general layout of broadcasting service in a large 
area is obviously dependent upon the population 
density in that area. The problem in the United 
States is special inasmuch as the population density 
in North America is about 16 persons per square 
mile, and in the United States about 35 persons per 
square mile. In Europe, on the other hand, the 
population density is about 123 persons per square 
mile. It is a much simpler task, in general, to reach 
highly concentrated populations by radio broadcast- 
ing than sparsely scattered populations. Further- 
more, the European problem differs from the Amer- 
ican problem in that the area of the average European 
country is small compared to that of the United 
States and problems of international interference 
and differences of language are factors on the Euro- 
pean continent. 

The organization of broadcasting in the United 
States is further complicated by the peculiar topog- 
raphy of this country. On the east coast there are 
comparatively flat regions rising a few hundred 
miles inland to the Blue Ridge, Allegheny, Catskill, 
and Adirondack Mountains which are principally in 
the northern three-quarters of the eastern portion 
of the country. West of these mountain ranges lies a 
central region about one thousand miles wide, to 
the west of which there is a predominantly moun- 
tainous region (the Rocky Mountain area) also 
about one thousand miles wide. The west coastal 
region is narrow, being approximately one hunderd 
miles in width. 

The population of the United States is largely 
crowded into the northern portion of the east coastal 
region and the central region together with certain 
portions of the west coastal region. Tremendous 
areas in the south central region and in the western 
mountainous region have only a scattered popula- 
tion and are accordingly difficult to serve from broad- 
casting stations suitably located. 

Some indication of the difficulty of the problem 
cf giving “fair, efficient, and equitable service” to 
all portions of the United States can be gathered 
from the following facts: 

Let us first consider the belt of states from New 
York to Illinois (uz., New York," New Jersey, Penn- 
sylvania, Ohio, Indiana, and Illinois), With 9.7 
per cent of the area of this country, they have 30 
per cent of the population. The population densitv 
is approximately 140 persons per square mile on the 
average and not very different from that of Europe. 
It is a comparatively easy region to give economical 
broadcasting service, except that the higher popu- 


lation density usually involves more man-made 
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electrical disturbances and thus requires greater - 
signal strength. 

Consider, on the other hand, the western belt of 
states, including Nevada, Utah, Colorado, Arizona, 
New Mexico, Wyoming, and Montana. These states 
have 25.8 per cent of the area of the United States 
and 2.75 per cent of the population. In fact, the 
population is less than 12 persons per square mile. 
This is a particularly difficult region to serve with 
reliable broadcasting on an economic basis. The popu- 
lation density of these states, on the average, is 
about one-fortieth of that in the New York-to- 
Illinois belt. And yet, it must be remembered that 
one of the most inspiring possibilities of broadcasting 
is to bring the music and cultural achievements of 
the metropolis to the isolated dweller in the remote 
regions of this country. 

The preceding comparison indicates that the 
organization of broadcasting in the United States 
would necessarily differ somewhat in different sec- 
tions of the country. There are numerous confirma- 
tory factors. For example, it is clear that, for the 
present at least, high-quality telephone lines are 
necessary for the inter-connection of networks of 
broadcasting stations, enabling the simultaneous 
broadcasting or ‘‘syndication”’ of the finest available 
programs. Such wire lines have been run in the 
United States in response to economic telephone 
service requirements and, as a result, the availability 
of wire telephone connections between broadcasting 
stations in the densely populated portions of the 
United States is considerably greater than in the 
sparsely populated areas. 


Alternative Systems of Reaching the Listeners 

Considering the organization of broadcasting from 
a purely theoretical angle for a moment, there might 
appear to be two widely different methods of supply- 
ing program service to the people of the United 
States. 

The first of these methods may be called the 
“Giant Central Station Method.” Essentially it 
consists in placing one tremendous station at the 
geographical center (or perhaps the population 
center) of the United States, this station being ot 
such extremely high power that even on the remote 
seacoasts the listeners will always get adequate signal 
strength from it. 

A second and entirely different conceivable system 
might be termed the “Swarm of Midget Stations 
Method.” For example, we might have say a hundred 
thousand extremely low power stations scattered 
in some more or less logical fashion over the entire 
United States, each feeding a small portion of the 
population with broadcast programs. 

Of course both of these methods are inacceptable. 
The objections to them or anything closely resembling 
them are simple enough. 
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The “giant central station method” would require 
excessive power under the present technical limita- 
tions of transmission; its service would be interrupted 
by fading within certain large areas; it would not 
afford program variety or choice (if there were only 
one such station in the country); and it would not 
give uniform service throughout the United States 
because of the enormous disparity in the signal 
strength received near the center of the country as 
compared to that near the distant boundaries. 

The “swarm of midget stations method” is also 
inacceptable as a practical proposition. Most of the 
stations under such a regime would have to be placed 
in regions which are sparsely populated. Program 
material could not be obtained at such regions except 
by wire line or radio relay. Nevertheless, the necessary 
wire network would constitute a staggering economic 
burden; as would also the tremendous operating 
personnel (unless the stations were automatically 
controlled). The amount of equipment involved 
would be very great and the overhead would be dis- 
proportionately high in relation to the number of 


TABLE I 

aa se. a imi J oe l Kilocycle 
and Upper Limit | Lower Limit Width 
A 300 ke. or 1000 m. 120 ke. or 2500 m. 180 ke. 
B 750 ke. or 400 m. 300 ke. or 1000 m. 450 kc. 
C | 1500 kc. or 200 m. 600 kc. or 500 m. 000 kc. 
D 2000 ke. or 150 m. 800 ke. or 375m. 1200 ke. 
E 6000 ke. or 50m. | 2400 kc. or 125m. 3600 kc. 
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listeners served by each of these stations. Further- 
more, as will be pointed out later, the interference 
range of such stations far exceeds their service range, 
and therefore such a set-up would lead to complete 
chaos in the air. The number of individual frequencies 
required by such a group of stations is far beyond 
the limited number actually available, unless some 
broadening of the available frequency bands for 
radio communication became possible together with 
the development of astonishingly selective receiving 
equipment capable of tuning with the utmost precision 
over a wide band of frequencies. 


Choice of Suitable Broadcasting Frequency Band 

If the foregoing analysis of certain extreme pos- 
sibilities is correct, it would appear that some inter- 
mediate method constitutes a feasible solution. Let 
us look first for some fundamental guide or guides to 
assist us in the selection of a satisfactory solution. 
One of these requirements is the uni-control operation 
of receivers. Offhand, this does not seem to be funda- 
mental. Yet it is clear that the full usefulness of 
radio broadcasting depends, in some measure, upon 
the convenience in manipulating of the receiving set. 
Elaborate switching arrangements or the use of 
interchangeable coil systems or the like introduce a 
degree of inconvenience that is a real drawback. 
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However, uni-control receivers of satisfactory 
characteristics over the entire frequency band covered 
by them necessarily tune to a limited band of fre- 
quencies. It is simple to build receivers which cover a 
frequency range of two-to-one. It is possible to make 
uni-control receivers covering a frequency band 
having terminal frequencies in the ratio of 2.5-to-1. 
It is difficult to make such receivers to cover a 3-to-1 
frequency band. If, then, we select a value of 2.5 
as a reasonable ratio between the highest and the 
lowest frequency in the broadcasting band, thus 
enabling the production of a simply manipulated 
uni-control receiver, we find a number of possible 
broadcast frequency bands, examples of which are 
given in Table 1. 

An examination of this table shows that the number 
of channels which can (theoretically) be selected 
by a uni-control receiver of feasible design increases 
as the higher frequencies are used. However, such 
a statement is true only for a certain group of receiv- 
ing sets not primarily dependent for their high selec- 
tivity on radio-frequency tuning. 

It is desirable to list a group of 
=== governing factors before considering 


Broadcasting the selection of one of the tabulated 
broadcasting bands. Some of these 

| re factors are: 
90 (1) The needs of the marine, trans- 
120 oceanic, military, and naval services 


dal must be considered. At present, ship- 
to-shore traffic is carried em largely 
between 120 and 500 ke. Transoceanic communica- 
tion is being increasingly carried on at frequencies 
higher than 3000 kc. 

(2) The fading and distortion of telephone signals 
on the higher frequencies (short waves) iS a serious 
factor and prevents the present effective use of these 
high frequencies for direct general broadcasting 
to the public. 

(3) Accurate modulation, corresponding to speech 
or music, becomes increasingly difficult as the wave 
frequency is diminished. Antenna persistence must 
be considered in this connection. However, the effect 
is not serious in any of the cases mentioned. 

(4) The dimensions of the necessary antenna or 
loop of the receiving set, required for satisfactory 
reception on’ an economical receiver, increases for 
the lower frequencies (longer waves). In fact, for 
frequencies around 200 kc. (wavelength 1500 m.) 
a really efficient antenna or loop is of large size and 
not readily accommodated under urban conditions. 

(5) The selectivity of a tuned radio-frequency 
circuit of normal design becomes less as the frequency 
is increased. In fact, while it is quite possible to build 
tuned radio-frequency receivers at say 600 kc. 
which admit a 10-kc. band with fair sharpness, such 
an achievement becomes increasingly difficult on 
the higher frequencies or shorter wavelengths. The 
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10-kc. band 1s fairly standardized today as the normal 
width of a broadcast telephone transmission or the 
separation between the frequencies of adjacent 
stations. It is increasingly difficult to meet the re- 
ceiver selectivity requirements at the higher fre- 
quencies, on this basis, unless intermediate frequency 
selection is employed. 

(6) There is such a thing, presumably, as having 
too many stations available. If a listener, in order to 
locate a given station, has to pick it out from among 
hundreds of others, his task may not be simple or 
brief even on a uni-control receiver. It will be noticed 
that the number of available channels for simul- 
taneous broadcasting becomes very great when one 
gets to really high frequencies (or extremely short 
waves). 

Considering then the five representative possible 
broadcast bands given in Table I, with due regard to 
the six guiding considerations, the following con- 
clusions may be reached: . 

Considerations (1), (3), and (4) all indicate that 
band “A” is not desirable for broadcasting to the 
public. Furthermore, there are an insufficient number 
of available channels within this band. 

On the other hand, considerations (1), (2), (5), 
and (6) indicate that band “E” is also undesirable 
for broadcasting under present-day conditions. 

We are thus left to choose between some such 
possible bands as “B,” “C,” or“D”; and apparently 
the most rational compromise seems to be band 
` “C,” which is practically the present broadcasting 
band. This is encouraging because it indicates that 
the band of frequencies selected for broadcasting 
in this country is actually the most desirable band, 
or something closely approximate thereto. Even if 
we are correct by accident in our choice of the fre- 
quency band for American broadcasting, it will be 
best to make a virtue of necessity and to congratulate 
ourselves upon having selected so suitable a band 
for national broadcasting. 

If, then, we accept band “C” (or something close 
to it) as the tentatively most desirable band for 
national broadcasting, we have available approxi- 
mately 100 channels for simultaneous broadcasting 
on the North American Continent, including Canada, 
Mexico, Cuba, and the United States. This would 
appear to be a sufficient number provided that a fair 
proportion of these channels were accessible for 
reception by most listeners at least a portion of the 
time. 


Choice of Suitable Broadcasting Station Power 

At this point we encounter a major problem in the 
organization of broadcasting, v1z., the problem of 
interference between stations and the related prob- 
lem of most desirable station power. We should 
start the consideration of such a problem with an 
open mind. Merely because we have used a power of 
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500 watts on a wide scale in the past is no indication 
that this is in any respect the most desirable power 
or even a useful power for practical broadcasting 
service. 

A serious factor which at once appears is the 
astonishing difference between the service range of a 
station and the interference range of the same station. 
By the service range of a station is meant the dis- 
tance over which it will give really reliable service 
at all times, which corresponds to a field strength 
at the receiving location of 1 to 10 millivolts per 
meter and fairly close to the latter value for the best 
grades of service. The interference range, on the 
other hand, is the range over which a station will 
produce an audible beat-note in a receiving set 
located near the edge of the service range of another 
broadcasting station on nearly the same frequency 
(e.g., 500 cycles removed). This might also be called 
the “heterodyne range.” 

The service range of a 500-watt station with 
reasonable modulation is about ten miles in the 
eastern portion of the United States and perhaps 
somewhat greater in the western portion. The hetero- 
dyne range, on the other hand (relative to another 
station of equal power), is something of the order of 
1000 miles. In other words, the ratio of the hetero- 
dyne or interference range in radio broadcasting to 
the service range is about 100-to-1 in radius, and the 
ratio of the interference area to the service area is 
10,000-to-1. This might seem rather discouraging 
since it is clear that a station will blanket with beat- 
note interference an area which is 10,000 times as 
great as the area which it will supply with good broad- 
cast service. This fundamental characteristic of radio 
telephone transmission must be kept in mind. 

The service range of a 5-kw. station is about 30 
miles, but its interference range is such as practically 
to cover the United States. It would appear that 
5-kw. is approximately the minimum power which is 
useful for broadcasting even to a limited area in this 
country. 

The 50-kw. station has a service range of about 100 
miles and an interference range which, in general, 
will extend over the North American Continent. Its 
service range is not so large that fading effects limit 
it seriously, since such fading effects are most pro- 
nounced at distances greater than 75 or 100 miles 
for frequencies in the broadcasting band. 

In a general way, the situation may be described 
as follows: For stations intended to give service to a 
metropolitan area, a 5-kw. transmitter, located out- 
side of that area at a proper site, would represent 
good present-day practice. The location of such a 
transmitter within the city in question and near a 
residential district is, of course, undesirable from the 
viewpoint of interference with the reception of a 
large group of listeners. For broadcasting over an 
area of considerable size, several tens of thousands of 
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square miles surrounding a station, the normal broad- 
casting power today may be regarded as from 50 
kw. up, perhaps reaching values as high as several 
hundred kilowatts for stations strategically located 
in the geographical center of sparsely populated areas. 

Local interference, even for stations of 50 kw. 
or more, has not been found to be excessive if the 
station is located with proper consideration for popu- 
lation density in the neighborhood. A fair limit at the 
present time would be to place broadcasting stations 
in locations such that field strengths not in excess of 
100 millivolts per meter should be produced at the 
nearest boundary of a populous center. 

To cover the United States with excellent service 
would therefore require ultimately a fairly consider- 
able number of normal power broadcasting stations 
(50 kw. or more), thus insuring service to the rural 
areas, together with a number of 5-kw. stations for 
service in metropolitan areas where the demand for 
greater program diversity, or other considerations, 
render such stations desirable. The present total 
broadcasting power in the United States is probably 
several hundred kilowatts at any given time; the 
total power required, which would give a fair approx- 
imation to uniform service over the entire country, 
would run into several thousands of kilowatts or 
perhaps ten times the present value. This would give 
even to the distant rural districts the same high- 
grade service which is now enjoyed by numerous 
urban listeners. 


The Present and Future of Broadcasting in the United States 
Broadcasting service in the United States at the 
present is on a stable and sound technical basis; and 
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there is therefore no need for any radical modification 
of our broadcasting organization, even the power of 
stations. We should rather regard the conclusions 
which have here been ventured, as indicative of 
desirable general trends, to be kept in mind by those 
who are inclined to fit their broadcasting activities 
into some general plan for truly effective nation-wide 
broadcasting. There are a number of ways in which 
present or future broadcasters can help radio listeners 
and the radio industry. They can locate (or relocate) 
their stations at points where the radio congestion 
in the area is not excessive, as it is in certain densely 
populated areas. Such stations should be located so 
that they are reasonably accessible from the great 
telephone network systems, thus enabling the fur- 
nishing of programs available on such networks. 
Station owners can also systematically increase the 
power of their stations until the average power in this 
country shall have been increased at least tenfold, 
and in some cases in a considerably higher ratio (par- 
ticularly in the West). The radio industry itself can 
assist by lending its support, both toward broadcast- 
ing and toward the supplying of high-quality programs 
capable of giving continuing listener satisfaction. 
This can be done either by individual companies or 
groups; and doubtless many radio companies will 
desire to follow the example of some who have shown 
how to help broadcasting. 

Having started on a sound basis, as several years' 
experience has made apparent, there is no fundamental 
obstacle to the steady growth of broadcasting, the 
corresponding expansion of the radio industry, and 
the provision of a premanently valuable and appre- 
ciated service to the American people. 


Breakage of Bushings Due to Faulty Methods of Installation 


RANSFORMER field engineers have recently 

found quite a number of cases where solid bus 

bar connections have caused cracks in the por- 
celain of transformer bushings, and it is believed that 
the trouble results from rigidly connecting the buses 
to the terminals of the bushings. 

Bus copper may easily be subjected to a range in 
temperature from minus 10 deg. to plus 110 deg. F, ora 
120-deg. range, which means one-eighth of an inch 
linear expansion for every 10 feet of bus. A range of 
150 deg. is common in some localities which means 
;-in. linear expansion for every 10 feet of bus. 


If a bus between two bushings, or between some 
rigid connection to the station frame-work, is straight, 
an expansion of 44 in. would surely crack the porce- 
lains. If, on the other hand, the buses are not straight, 
it requires very careful consideration as to whether 
the included bends of such heavy bus material will 
relieve the bushings from this strain. 

Copper tubing, either straight or curved, has of 
course the same characteristics, therefore, with some 
companies, it 1s standard practice to include a short 
extra-flexible section in such bus connections to 
relieve the strain on the bushings. 
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The Characteristics of Tungsten Filaments 


as Functions of Temperature 


PART II 


By DR. HOWARD A. JONES and DR. IRVING LANGMUIR 
Research Laboratory, General Electric Company 


A number of functions which may be found useful one cm. cube with dimensions measured at room 
have been derived from the data in Table I‘ and are temperature and uncorrected for expansion. The 
given in Table II. The dimensions of the filament are 


; EE l o’, T 
measured at 20 deg. C. or 293 deg. K. specific resistivity (p) is equal to R Xz Column 3 


NOTES ON TABLE II gives the exponent of the temperature according E 


Column 1 gives the temperature on the Kelvin which the resistivity increases. Column 4 gives pa 
scale; column 2, the specific resistivity of aged 


tungsten, numerically equal to the resistance of a which is numerically equal to the energy in watts 


radiated by one sq. cm. of tungsten with correction 


Table I d in Part I of this arti ished i ae 
Gere ree een Par prea ae which was published in the made for “back radiation” from a glass surface at 


TABLE Il 
SOME INTRINSIC PROPERTIES OF TUNGSTEN 
1 2 | 3 4 | 5 I 6 | 7 | 8 ' 9 | 10 
RESISTIVITY POWER RADIATED ¡ BRIGHTNESS REFIEREN € i ELECTRON EMISSION 
dp T 2 aW T ES dB T | de 1 Z _di T 
T pX 108 "RE dT W Ry => W dT | B n; =AR= B dT. He TIT | í n= OF 
deg. K. || ohm cm. watts cm.™3 | int. candles cm.”* | | amp. cm.”? 
Se ic E | a ad Mb - 
273 5.00 1.275 | | 
293 5.49 1.270 | ; 
300 5.65 1.268 0.00003 14 18.10 | 
400 8.056 1.255 0.00199 10.67 | | | 
500 10.56 1.242 0.00971 6.44 | 
600 13.23 1.232 0.0304 6.22 | | 
700 16.09 1.223 0.0764 5.95, 
800 19.00 1.215 0.169 5.83 
900 21.94 1.207 0.322 5.73 | 
1000 24.93 1.200 0.602 565 | 0.000126 22.75 17. 1.07 10-8] 54.4 
1100 27.94 1.195 1.027 5.57 0.00107 21.30 15.6 1.52X10-") 49.7 
1200 30.98 1.189 1.66 5.49 0.00631 | 19.90 14.2 9.73 X10-!2| 45.7 
1300 34.08 1185 | 2.57 5.41 y 0.0276 ` 18.55 13.1 3.21 x 10-10 42.3 
1400 37.19 1.182 3.83 5.34 0.104 17.40 12.0 6.62 Xx 107 | 39.4 
1500 40.36 1.179 5.52 5.27 0.333 ` 16.37 11.1 9.14 X1073 | 36.9 
1600 43.55 1.179 7.74 5.20 | 0.927 | 15.47 10.3 | 927x107 34.8 
1700 46.78 1.180 10.62 5.12 ( 2.33 14.64 9.5 | 708X10% 32.8 
1800 50.05 | 1.182 14.19 5.06 5.12 | 13.90 88 | 447x108 | 31.1 
1900 53.35 1.184 18.64 4.99 10.93 | 13.20 8.2 | 2.28X10"%| 29.6 
2000 | 56.67 1.186 24.04 4.93 20.66 | 12.57 7.6 1.00x102' 28.2 
2100 60.06 | 1.188 30.5 4.87 37.75 12.00 7.1 3.93 Xx103 | 27.0 
2200 63.48 1.190 38.2 4.81 64.0 11.48 6.7 ! 1.33 * 1072 25.8 
2300 66.91 1.192 47.2 4.76 103.7 11.00 6.2 4.07 X10 24.8 
2400 70.39 1.195 57.7 4.71 164.4 10.55 5.8 | 0.116 | 23.8 
2500 73.91 1.197 || 69.8 4.66 248 10.13 | 5.5 0.298 | 23.0 
2600 77.49 1.200 || 83.8 4.61 364 9.75 5.1 0.716 | 22.2 
2700 81.04 1.202 || 99.6 4.58 532 939 | 4.8 1.631 21.4 
2800 84.70 1.205 117.6 4.54 732 9.06 4.5 3.54 20.7 
2900 88.33 1.207 //137.8 4.51 | 987 8.74 4.2 7.31 20.1 
3000 92.04 1.210 160.5 4.48 1326 8.45 4.0 14.15 19.5 
3100 | 95.76 1.213 185.8 446 || 1745 8.18 3.7 || 26.44 18.9 
3200 99.54 1.216 214.0 4.43 | 2252 7.94 3.5 | 47.84 18.4 
3300 103.3 1.218 245.4 4.42 2893 7.72 3.3 84.45 17.9 
3400 107.2 1.221 280.0 | 4.41 3660 7.50 3.1 [142.1 17.4 
| | 
3500 111.1 1.224 318.0 4.40 || 4540 7.32 2.9 (233.2 17.0 
3600 115.0 1.227 360.0 4.39 | 5530 7.14 28 (373.5 16.6 
3655 117.1 | 1.229 382.6 4.38 | 6163 7.06 27 1479.9 16.4 
| 


CHARACTERISTICS OF TUNGSTEN FILAMENTS AS FUNCTIONS OF TEMPERATURE 


a temperature of 293 deg. K. Column 5 gives the 
exponent of the temperature according to which W 
increases. Column 6 gives B, the brightness of a 
tungsten surface viewed normally to its surface; 
it is expressed in international candles per cm.?. 
The brightness expressed in lamberts is +B. It will 
be noted that B is 3 per cent lower than the value of 
C’ in Table I, because the candle-power of a flat 
piece of tungsten viewed normally is 3 per cent less 
than the candle-power of a cylindrical wire measured 
normal to its length. 

The data given in Table II for the candle-power of 
one sq. cm. of tungsten are the values actually 
observed with the photometer. To an observer 
inside the glass bulb, these values would be increased 
by an amount equal to the absorption in the glass, 
t.e., one per cent. Column 7 gives the temperature 
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efficiency (lumens per watt as given in column 9, 
Table I). Column 9 gives the electron emission in 


amperes per sq. cm. and is numerically equal to 
/ 


a while column 10 gives the temperature exponent 


for emission. Column 11 gives the rate of evaporation 


of tungsten in good vacuum expressed in gm. per 
, 


sq. cm. per sec., t.e., > while column 12 gives the 


temperature exponent for evaporation. Column 13 
gives the vapor pressure of metallic tungsten in 
baryes (or dynes per sq. cm.) while column 14 gives 
the temperature exponent for vapor pressure. Column 
15 gives the power emissivity for metallic tungsten, 
that is, the ratio of the power radiated from a fila- 
ment into surroundings at 0 deg. K to that radiated 
from a black body at the filament temperature.” 


Column 16 gives data on the thermal expansion of 
tungsten. The figures represent the ratio of the lengths 


exponent for candle-power or brightness, while 

column 8 gives the temperature exponent for 
TABLE II (Cont.) 

SOME INTRINSIC PROPERTIES OF TUNGSTEN 


A E a o e e E e _ e AE E SEA ENO ia ASA A E E S A A E 


POWER EMISSIVITY ||THERMAL EXPANSION ATOMIC HEAT 


0.376 


T 
T M on e IF P baryes) np- F E Lily; cy or- fear 
deg. K g. cm.— sec.71 dyres cm. black body = unity cal.g.atom—'deg.— || cal. g. atom 
! 
273 0.0154 0.99991 6.025 1048 
293 0.0166 1.00000 6.029 1160 
300 0.0170 1.00003 6.03 1202 
400 0.0238 1.00044 6.05 1777 
500 0.0320 1.00086 6.09 2362 
600 0.0435 1.00130 6.14 2954 
700 0.057 1.00175 6.20 3551 
800 0.072 1.00222 6.24 4152 
900 0.088 1.00270 6.30 4757 
1000 5.32 X 107% 94.8 1.98 x 1072 95.3 0.105 1.00320 6.36 5370 
1100 2.17 X107” 87.5 1.22 x 10-3 88.0 0.124 1.00371 6.43 5997 
1200 3.21 X107" 80.6 1.87 X10732 81.1 0.141 1.00424 6.52 6640 
1300 1.35 X107% 74.0 8.18 X107” 74.5 0.158 1.00479 6.67 7497 
1400 2.51 X10-”? 68.3 1.62 X10" 68.8 0.175 1.00535 6.80 8170 
1500 2.37 x 107% 63.5 1.54 X107" | 64.0 0.192 1.00593 6.96 8858 
1600 1.25 X107» 59.3 8.43 X107“ 59.8 0.207 1.00652 7.10 9560 
1700 4.17 X10" 55.7 2.82 X107! 56.2 . 0.222 1.00713 7.25 10278 
1800 8.81 X107" 52.5 6.31 X107" 53.0 0.237 1.00775 7.40 11010 
1900 1.41 X107" 49.8 1.01 X107 50.3 0.250 1.00839 7.55 11758 
2000 1.76 X107? 47.2 1.33 10-8 47.7 0.263 1.00904 7.70 12521 
2100 1.66 X 10-# 44.9 1.28 107 45.4 0.274 1.00971 7.85 13298 
2200 1.25 X 101 42.9 9.88 X107 43.4 0.285 1.01039 8.00 14091 
2300 8.00 x 1071 40.9 6.47 X10-* 41.4 0.295 1.01109 8.15 14898 
2400 4.26 X 10710 39.0 3.52 Xx 103 39.5 0.304 1.01180 8.30 15721 
2500 2.03 X 107? 37.3 1.71 X107 37.8 0.312 1.01253 8.45 16559 
2600 8.41 X107 35.8 7.24 X107 36.3 0.320 1.01328 8.60 17411 
2700 3.19 x 10-* 34.3 2.86 X 10-3 34.8 0.327 1.01404 8.75 18279 
2800 1.10107 32.9 9.84 X 103 33.4 0.334 1.01479 8.90 19161 
2900 3.30 X 107 31.6 3.00 Xx 10-2 32.1 0.340 1.01561 9.05 20059 
3000 9.95x 107 30.4 9.20 X10- 30.9 0.346 1.01642 9.20 20972 
3100 2.60 x 10-* 29.2 0.250 29.7 0.352 1.01724 9.35 21899 
3200 6.38 x 10-* 28.2 0.613 28.7 0.357 1.01808 9.50 22842 
Ey 1.56 x 10-* 27.3 1.51 ! 27.8 0.362 1.01893 9.65 23799 
400 3.47 x 10-4 26.4 3.41 | 26.9 0.366 1.01980 9.80 24772 
Pen 7.54 x 1073 25.6 7.52 | 26.1 0.370 1.02068 9.95 25760 
ae 1.51 x 10 24.8 15.3 | 25.3 0.374 1.02158 10.10 26762 
5 2.28 x 10 24.4 23.3 1.02209 10.18 27311 
ets OA i: SA, AA 


356 July, 1927 


of a filament at a given temperature to the correspond- 
ing length at room temperature (20 deg. C.). Column 
17 gives the atomic heat at constant pressure (c,), 
that 1s, the heat in gram-calories required to raise 184 
g. of tungsten 1 deg. C, while column 18 gives the 
total heat absorbed (Qr) by one gm. atom of tungsten 
in being heated from 0 deg. K to T deg. K. 


Characteristics of Actual Filaments 

The data given in Tables I and II refer to an ideal 
filament. In order to apply these data to actual fila- 
ments, it is often necessary to take into account the 
factors which cause departures from the ideal condi- 
tions. 

(1) Cooling Effect of the Leads. Let us consider a 
single loop filament welded to two leads. 

The leads cool the ends of the filament and thus 
lower its resistance. Hence, with a given current 
passing through the filament, the voltage drop is 
lowered by an amount AV. 

The problem of heat conduction along a lead has 
been studied by Langmuir 0% and by Worthing. 0” 
S. Dushman and I. Langmuir have recently recal- 
culated Langmuir’s data on lead losses, and it is 
their calculations which are presented here. 


Let V = observed voltage drop 
AV = voltage drop lowering due to cooling at the 
end of one lead. 


Then the factor (f), by which the observed voltage 
drop should be multiplied for a filament cooled at 
two leads in order to obtain the voltage drop for 
the entire length of filament running at the maximum 
temperature, is given by the equation 


V+2AV 
f=——— 


y (24) 


AV is a linear function of the maximum tem- 
perature (Tm) of the filament and also depends on the 
filament to lead junction temperature (T,). 


Case 1 


If the lead diameter is six times that of the filament 
diameter, and 7,, is greater than 1200 deg. K, analy- 


.. . T . . 
sis shows that the ratio T 1s approximately constant 
: m 


and equal to 0.25. 
For this case, A V may be calculated by the equation 
AV =0.9897 X 1075 71.30 (25) 
The factor (f), by which the observed watts radi- 
ated, electron emission, candle-power, rate of evapora- 
tion, and all other functions which increase with 
more than the third power of the temperature 
should be multiplied in order to obtain the value 


(MS Langmuir, Trans. Faraday Soc. 17, 621 (1922). 
(12) Worthing, Journ. of Frank. Inst. 194, 597 (1922). 
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corresponding to the entire length of filament running 
at the maximum temperature, is given by the equation 


V+2AV 
jasa 


= ee eye (26) 
V+2AV-2AV, 


AVy is a complicated function of both n (the 
exponent with respect to temperature with which 
the function studied increases at the maximum tem- 
perature T,,) and T,,. For Case I, when n 7 5.0, 
AVy is calculated by means of the equation 


AV, = 10-87! (2.113 log. n+0.709) (27) 


Case 2 ` 

In this case, when lead diameter to filament 
diameter is in the ratio of 6 to 1, and 7,, 1s equal to 
or less than 1200 deg. K, T, remains approximately 
at room temperature (300 deg. K) and AV is given | 
by the equation 


AV=1.394x10-571%—4. 894 x1037"%0 (28) 


Similarly for this case, A Vy, which is used in cal- 
culating the factor (f) in equation (26) is given by 


A V,,=107871-00 (2.113 log.10 n+1.153) — 0.00527 T°” 
| (29) 


For example, let us assume a single-loop, 5-mil 
tungsten filament supported by two 30-mil leads 
running at 7,,=2800 deg. K. 7,, the temperature 
at the lead junction will then be 700 deg. K, t.e., 
“2 =(0.25. Hence by equation (25) 

A V =0.9897 X 1075 X 2800!” 

=0.300 gives the voltage drop lowering due to 
cooling at one lead. 

The observed resistance of the filament would be 
multiplied by the factor (f) calculated by equation 


(24), 1.e., 
V+2 (0.300) 
Robs.) gy a 


to obtain the resistance of the entire filament running 
at the maximum temperature (T m). 

If we were studying electron emission under these 
same conditions, since ;= 20.7 at 2800 deg. K (see 
Table II) and hence logy) n;= 1.316, we substitute the 
numerical values in equation (27) to obtain 


AV,= (2.113 X 1.316+0.709)10->X (2800)!-3° 
= 1.056 


The observed electron emission should then be 
multiplied by the factor (f) calculated by equation 
(26), 1.e., 

i V +2 (0.300) 
Pare EEF (0.300) — 2 (1.056) 


to obtain the theoretical electron emission for the 
entire filament running at the maximum temperature 


(Tm). 
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(2) Corrections for Lack of Straightness of the 
Filament. If a filament is bent into the form of a 
loop the characteristics are, in general, unchanged 
except that the distribution of light is altered. Thus 
the total lumens, or the mean spherical candle-power, 
. remain the same, but the mean horizontal candle- 
power is usually considerably changed. 

The candle-power of the filament in a given direc- 
tion may be calculated from the projected area of 
the filament in that direction. 

The effect of lack of straightness becomes more 
serious if the filament is wound into the form of a 
helix or bent into any other form in which the free 
radiation from parts of the filament is prevented by 
the close proximity of other parts. Under such condi- 
tions the watts and even mean spherical candles of 
a given length of filament are decreased, but the 
resistance at constant temperature remains nearly 
unchanged. 

(3) Effects Produced by Roughening or Contamina- 
tion of the Surface. If a filament is heated in the 
presence of vapors of carbon compounds, this element 
is often taken up by the filament. This leads to an 
increase of emissivity so that, with the filament at a 
given temperature, the watts and candle-power may 
be considerably increased. An oxidation of the fila- 
ment at lower temperatures may produce similar 
effects. Effects of this kind are also observed if the 
characteristics of a filament are measured before it 
has been thoroughly aged. In ‘the case of a well- 
aged filament in a good vacuum the surface con- 
ditions of tungsten filaments seem to be remargably 
uniform. 

(4) Effects Caused by Impurities in the Metal. 
Mrs. M. R. Andrews (5% has shown that when carbon 
diffuses into tungsten at a high temperature, a 
compound, WC, is formed, and that the conductance 
of the material at room temperature decreases 
linearly as the carbon content increases until, when 
complete conversion to WC has been attained, a 
minimum conductance of seven per cent that of the 
tungsten is reached at 293 deg. K. Further car- 
bonization leads to the formation of a second com- 
pound, WC, with a corresponding increase in con- 
ductance, since the conductance of this compound 
is 40 per cent that of tungsten. One-tenth of one per 
cent of carbon suffices to raise the resistance at room 
temperature by about five per cent. The resistance 
at other temperatures may be readily calculated 
from the fact that the increase in resistance caused 
by the presence of any given amount of carbon is 
approximately the same at all filament temperatures. 

Less than one per cent of thoria (ThO:), which is 
frequently used in small amounts in tungsten fila- 
ments, has no appreciable effect upon any filament 
characteristic except to give a greatly increased 
electron emission. 


(4) Andrews, J. Phys. Chem. 27, 270 (1923) 
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It has been shown "that thoria (ThO;) is reduced 
by tungsten at high temperatures and a monatomic 
layer of thorium forms on the tungsten surface. 
This metallic film shows remarkable stability and 
gives a greatly increased electron emission over that 
of pure tungsten. The latest precision data which 
were kindly furnished the writers by Dr. S. Dushman, 


fit the equation 
b 


I=AT* <T 


where A =3.0 amps. cm.? deg.? 


(30) 


T = temperature of surface in degrees Kelvin 

b, = 30,500 degrees Kelvin, and 

I =electron emission in amps. per. sq. cm. 
when dimensions are expressed in cm. at 
room temperature. 


A small amount of thoria retards crystal growth 
and makes it essential to age for a longer time to 
attain constant conditions before measuring. 

(5) Effect of Gases in Conducting Away Heat. 
The amounts of gas normally present in a good lamp 
vacuum do not conduct a perceptible amount of 
heat. 

For low pressures of gases (less than 500 baryes or 
0.35 mm. of mercury) the heat conducted from a hot 
filament by a gas may be calculated) from the rate 
at which the gas comes into contact with the surface. 

Thus for monatomic gases, such as argon 


w",=%=0.002928 22 1-1) (31) 
ld / MT, 
and for diatomic gases, such as nitrogen: 
mw. =0.00121 22 (1-7) (32) 
(R-1) Y MT, 


where | 
W,=watts of heat energy conducted by the gas, 
and. 
a = accommodation coefficient of the gas on a 
tungsten surface. 


This coefficient is always less than unity. 
The values of a: are 0.57, 0.85, 0.95, and 0.20 for 
nitrogen, argon, mercury, and hydrogen, respectively. 


k=ratio of the specific heat at constant pres- 
sure to the specific heat at constant volume. 


For all monatomic gases, such as argon, neon and 
mercury vapor, k is equal to 1.666. For diatomic 
gases like hydrogen, nitrogen, etc., k equals 1.40, 
and for triatomic gases like CO2, k is about 1.29. 


p=pressure of the gas in baryes. 


The barye is the C.G.S. unit of pressure and is 
equal to 0.00075 mm. or 34 of a micron pressure. 


(19) Langmuir, Phys. Rer. 22, 357 (1923). 


(29) Langmuir, Jour. Amer. Chem. Soc. 37, 422 (1915). 


t 


358 July, 1927 


GENERAL ELECTRIC REVIEW 


TABLE Ill 


Vol. 30, No. 7 


RELATIONS BETWEEN VARIABLES FOR IDEAL TUNGSTEN FILAMENTS 


Constant d, V 


„2A ZIR "r "u 
dl dl dl nr tnw 
dL _ dl _2np rng nw 
aW dA nNnu'— Npk 
dL _nwtnr-2nı 
dl neta 
d —2 
dl “amtner 
dT 2 2 
dL 21n;—ny—ng2 
dT _dT__dT_ 2 
d dA dR nwn: 
Constant l, V 
dL dL __ dh _n+nw+ns 
aW dA dR net? nwe 
dL un Hnr tnw 
dd ne +ny: 
dW dA __dR _n4+2n4 
dd dd dd ni tnw 
dT _ 1 
då nytner 
dT _ 1 
dl onwtngtny 
dT dT dT 1 


dW dA dR 22nytnx 


Constant L, V 


dW dA _ dR_3(n,—ny) 

dl di — dh tw tng 
dW dA -dR_ 3(n,—ny) 

dd dd dd 2n,—ny—ng 
dln; +ny4+nkg 

dd 2n, — nu — ne 

dT. -3 

dl on Hne ng 

dT _ -3 

dd Qn, —ny—np 

dT ı 

dA nwn: 


Constant (R. V) (R.A) (W, V) (W. R) 


(W, A) and (V, A) 


aL _3 (ny-n,) 
dl 2ny +n 
dL _3 (Ny —n,) 
dd — ns=ng 
dl 2ny-+nx 
dd 7 Nu — NR 
dT_ l 

dL n;—2n5, 
dT_ -3 

dl 2nw+ng 
dT_ -3 

dd MM 


Constant d, | 
Value at Value at 
240 2400 
deg. K deg. K. 
dWY ny dT 2 
IR “nr WIR (ry emer ree 
dL = ny 
IW nw e E 0.339 
dV Ns nx 
aL nr 
eee ee 8.82 
dR npr dT 1 0.095 
dL_ 2n, 600 || @h m aa 
dA nw—nkg l iT 1 
dL 2n; a, = — 0.222 
av EP 3.58 | dW n y | 
dV _nwtnhr so | aT dl 
dA nw hgk Og | dR i NR | wee 
| 
Constant d, A 
dW_dR_dL_dL_dL_dVWV_dL__,, 1.0 
dl di dW dV dR di di To pS 
dT dT AT dT dT 
dl ~dL av aw dR °° ds 
ES Constant d L o — y 
i E CIS 
dR nonr | dT ZZ? ' 0.095 
PS > 0.887 Lar | —0.095 
aW _1:—nw 0.554 || dT 1 
dl nar me — 0.171 
dW nuw—n,; 
dV 2, —nwyw—nrR 
gota fe ee eee 0.719 
dl 2n, dT ] 
res Us as — 0.107 
dA ne— nw dR ne- n; 
pr E dT 2 ! 
av BL hw TK — 4.32 dV Aw tne —2 My TE 
dA neR— Ny 
dW n,—ny: a dT 2 
AR i 625 =— = --—-— „i 
d ni; — Nk ng dA  nu-—n2£ ee 
Constant d, W 
dL Ni —A] dT 1 
a ae 1.24 LL... 0.171 
dR _ "it — BR = 
dl nye paa dT El — 0.222 
dl ni 
dL ni —ny : 
os ET —1.66 |! 
dR NR Nu dT 1 0.285 
aY i —1.0 dR ne-ne Es 
dA | | dT 2 
dv PS AO 0.373 dV a= ie ae 
dl 2 nw 
dA NR—NuW | aT = 2 2 as 
dl Dny | Maat? | dA ARM y Caer 
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TABLE III (Cont.) 
RELATIONS BETWEEN VARIABLES FOR IDEAL TUNGSTEN FILAMENTS 


Constant d, R Constant 1, W 
Value at Value at Value at Value at 
2400 2400 2400 2400 
deg. K. deg. K. deg. K. deg. K. 
dW NRN dT z —1 dL _ hin ni dV _ 
deers 2.94 || => 0.836 | Sa = -1.24 | 5 =-10 —1.0 
dL _ az—nm, = dR_—(2n:+n2) dT -—1 
dl ae (.83 is- 1 - 0.285 ad rae 2.25 aa aa 0.222 
dV ngp—ny a, dV —(2nw--+ng) dT 1 
> —1.47 — = —_— —1.13 — = 0.171 
dl 2 ne dT 1 0.107 dd 2n dL nı — nip 
dA NR—Niy ‘aL -nL nR ° dA _2nwtne dT _ 1 
dl OnE 1.47 ee : da ony +1.13 dR Zar 0.0941 
dL_dL_2(n;—nx) a eee 0.569 | dL 2(n,—nw) dT 2 
dv “aa nie = Nk 5.32 dV dA Nis — NR dV = 2nytnr +1.10 dv “9 nitha 0.188 
dL n, — ne qv _ dL _2(nw—n) dT__-2 f 
iW nom 2.66 JÀ =1.0 1.0 Aa 3 SE 1.10 JA MEN 0.188 
Constant }, R Constant l, L 
dL 2nL+ng aT__ 2 | dR _ =(2 nm, na) 4T__ 2 
Tan 19.22 | SE =3 hm 0.87 | “= > 2.11 din | 0-122 
dL _2n r +npr dT iz 2 aW on, nw 
7 W ony En: 2.07 aw are 0.189 da a 0.554 a ~— 2 0.0711 
Ny NR — 
EW 92 tithe | LA A A aa Nat —0.262 A 
dd a NR ` dV = dA 2 nw tne ` dR 2n; +nNnkR SL dT 1 0.171 
dA _dV _2nw+tnr 4.44 aT oe 1.67 dV _— (Mint) _ 9 779 dW nw my = 
dd dd 2ng ` dåd nz " dd 2n: ` iT i 
dV = dA _3 nr +tnr—nw -a == 0.0448 
dA =1.0 1.0 dd O PS 1.26 dR 2n +npRr 
dL_dL_2(2n,+nx) dV _ nitnwtne dT -1 
WW Ge See 43 o 0.585 | Fg => 0.0947 
Constant L, R Constant l, A 
dW _3 (nz —nw) dV _dA_3(n.—nw) dW dV _ aR _2nw+ns 
UE ap CoS td ad 2 0 CR oa de de 2 9.0% 
dL Ni—NR—3 nL 
= = —-— == —10.0 
O 1.87 PT i —0.171 || dd nw— nR 
e pes dL _dL_dL_30+n8-n4 E 
dl 2n,+np 2.45 dT dT _ 2 0.342 dw dV dR 2nwtnr 
dd Ni, — NR ` dV dA nw ny, aan dT 3 
pi E — 0.854 
dT dd NeR — N; 
oY =1.0 1.0 Stier error 0.131 | dT dT _dT_ 3 0.283 
oie te | dW dV dR 2ny+nx 
dV dA 3(n,—nw) dT 3 dT 3 
av dA _3 wil o. OE a N 0 AA: CA 0.107 
aa en ta lada oat ab. Snide ae 
Constant L, W Constant L, A 
dR _-dR dW _ dV _dR _3(m,—n5) 
araa Oe ad dd dd nr i; a2 
dW dV daR _ 3 (n, —n;,) 
A —1.0 dl di dl ~~ 3nptne—nu One? 
dA 
dl 3n,—ny+t+ne 
Di a ÉS. 7.99 
dl _ 10 dd Nu —NR 
ad 2 | dT _dT_¿dT__1 —0.171 
dv dA dA av dW dV dR Ny —N/ ` 
aa ~dd~ aa" ee Aerie -0.854 
dd ng—nw 
dT dT dT dT dT dT 3 
A a ES Y : = = —__— — 0.107 
dl dd dR d dV 0.0 0.0 dl Ni —Ne— ni 
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One bar (10° baryes) is equal to 750 mm., which is 
more nearly average atmospheric pressure than the 
760 mm. usually adopted as standard. 


M = molecular weight of the gas 
T =temperature (deg. K) of the filament 
T,=temperature of bulb. 


By calculating the values of the constants for the 
various gases, the following formulae have been 
derived from the above. In each case the bulb tem- 
perature (7,) has been taken to be 300 deg. K in 
calculating the expression under the radical. 


For nitrogen 


W =18.8x 10% p(T—T;) (32a) 
For argon 

W? =17.7X10® p (T—T,) (3la) 
For mercury vapor 

VW’ =8.84 X 10% p (T—T,) (31b) 
For hydrogen the corresponding formula is 

W.¿'=24.6Xx 10% p (T—T) (32b) 


This last equation gives the results agreeing with 
experiments only for temperatures up to about 
1500 deg. K. At higher temperatures the hydrogen 
is dissociated €» by the hot wire and the heat absorbed 
by the dissociating gas at very high temperatures 
reaches values as much as 20 times that calculated by 
equation (32b). 

For pressures above 500 baryes the formulae given 
are not applicable. At higher pressures the heat 
conducted by the gas may be calculated by 
methods and equations that have already been 
published. (?) 

Experiments have shown that the introduction of 
gases chemically inert towards tungsten does not 
alter the relation between resistance and temperature 
or that between candle-power and temperature. 


THE VARIATION IN TUNGSTEN FILAMENT CHAR- 
~ ACTERISTICS WITH RESPECT TO A CHANGE 
IN ANOTHER FUNCTION 


Let us assume, for example, that a tungsten fila- 
ment in which the length and the watts radiated 
are held constant, is evaporating at a fairly rapid 
rate so that the diameter is decreasing constantly. 
In this case, since the wattage is held constant 
when the diameter is changing, the temperature 
will vary continuously. Because of this simultaneous 
variation in temperature, the change in voltage drop, 
for example, cannot be calculated from the change in 


(2)Langmuir, J. Amer. Chem. Soc. 87, 417 (1915). 

(2) Langmuir, Phys. Rev. $4, 401 (1912); see also Rice, Trans, A.I.E.E., 
June. 1923, also Feb., 1924, and Jones, GENERAL ELECTRIC REVIEW, Sept., 
1925. 
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diameter directly by the use of Table I and equa- 
tion (5). In cases of this kind, the following method 
may be employed: 

Let W, R, L, T, land d be variables where 


W = watts 
R = ohms 
L = lumens 


T = temperature 
l =length, and 
d = diameter. 


There are three equations containing these quan- 
tities which may be used to describe a tungsten 
filament in good vacuum. 

These equations are: 


W=Ay T" Id (33) 
R=ApT"* Ld? (34) 
L=A,T" ld (35) 


If we have six variables and six equations the 
values of all variables are definitely fixed. If, however, 
we have six variables and only five equations ex- 
pressing the relations existing between the variables, 
there is one degree of freedom. In this case, if we 
fix the value of any one variable as the independent 
variable, the values of the other variables are fixed 
as dependent variables. We can then determine the 
derivative of any variable with respect to any other 


- variable. 


Since in our problem we have only three equations 
and five are needed for a solution, we may add two 
conditions which may be expressed in general form 


as follows: 
Wr Ree L^ I~ d= const. (36) 


We Re Lê ]€ d“! = const. (37) 


If we express these five equations in logarithmic 
form we have for example from equation (33) 


log W=log Aw+ny log 7+log l+1log d 


but since we will use these equations repeatedly in 
logarithmic form, we will henceforth use bold-faced 
Roman type to denote the logarithm of the symbol 


(38a) 


used. 
Hence we have: 
W= Awt+nryT+ 14+ d (38) 
R= Ag t+urT+ l1- 2d (39) 
L= A, +xzT+ 1+ d (40) 
AwW ARR +A, L +l + Ayd=C, (41) 
ewW ERR +€,L+ el + td=C2 (£) 


As the solution of the problem which we have 
chosen as an example involves only the total deriva- 
tive of voltage with respect to the diameter when the 
wattage and the length are held constant, the con- 
stant terms in the equations become zero and since 
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we are in general considering only the differentials 


The numerical values of the exponents at 2400 deg. 


of the variables occurring in the above equations we K have been used to calculate the number occurring 
may use the coefficients to solve the equations by under the heading, ‘‘Value at 2400 deg. K.” These 


means of matrices and determinants. 


numbers give the percentage change of the function 


We have solved these equations for all combinations in the numerator for a one per cent change in the 
of the conditions, t.e., any two of the variables are function appearing in the denominator. It should be 
held constant. The details of the method of solution remembered that these values vary somewhat with 
of these equations, which illustrate the use of matrices temperature. The numerical values may be cal- 


TABLE IV 


RELATIONS BETWEEN VARIABLES FOR NON-IDEAL 


TUNGSTEN FILAMENTS 


Value at Value at 
Constant d, l, V 2400 Constant d, l, A 2400 Constant d,l, L 
deg. K. | deg. K 
d — y dv_ Ni dV _ 
az PETF 0.796 AL TOEF 1.338 qZ =0.5 
dL_ —n, dT 1 dA 
WZ ap ee — 1.790 az Woes 0.285 IZ 0.5 
dT_ -1 dL n, dT 
az En —0.170 az a 2.24 qZ 0.0 
dA dV av_ — (ny tnp) 
dE 90 0.0 E, 700 0.0 dE.” 


dL dL dA nr- 
JE "10 1.0 dE 710 1.0 dE 2n, 
dT dT dT —1 
dE "90 0.0 dE 00 0.0 dE, OS 
dA dV _nw+ne av_ 

dE, 1.0 1.0 a aa — 1.677 dE. 0.0 
dL dL 2 nt dA 

dk, ~ °° 0.0 ES a nn — 6.00 JE. 1.0 
dT dT 2 dT 

JE. =0.0 0.0 IE a ir — 0.568 dE. 0.0 
dA NR dV NR dV = 
dEw hy tne BAe dEw nhr-nhy — 0.34 dE 0.5 
dL -n dL nr -dT 

= - A E — =0.0 
ES a ae 1.790 gf. acai 3.00 dE 

dT —1 dT 1 dA 

— E i — — = —U0, -a =0,5 
dEy nr+nw 0,170 dEw nr-—nw 0.285 dEw 

dA  n2—ny dV dV 

—— = — — = n —— = 1.0 
Ro TE | 70.595 || Gp =10 1.0 aR 

dL —2n, dL dA 

= =3) = =0. : EL =0.0 
28. apa: 3.57 dRe 0.0 0.0 aR. 

dT —2 dT dT 

— = — — Í). — =Ù. A =0.0 
e En 0.339 ¿Re 0.0 0.0 ¿Re 


and determinants in solving a large number of simul- 
taneous equations, are given in the appendix. 

Table III contains the equations expressing the 
derivatives of each variable with respect to another 
variable when two of the other variables are held 
constant. In using this table, it should be remem- 
bered that the bold-faced Roman letters denote the 
logarithms of these quantities. The exponents, nyy, 


(To be continued) 


0.0 


culated by the equations in Table 
III for any other temperature 
by using the proper values of the 
exponents nw, np, etc., as given 
in Table II. 

In the example which we have 
chosen, we find from Table III 
that when (W) and (1) are held 


dv . 
constant that Jd is equal to 


_ 2nwtnre 
2 y 


Substituting the numerical val- 
ues of these exponents at 2400 
deg., we have 

dV 

dd” 1.128 
1.e., if the diameter is decreased 
by one per cent there is a cor- 
responding increase in voltage 
of 1.128 per cent. 

The problem which we have 
just considered deals with ideal 
tungsten filaments in high 
vacuum. 

Another case, which finds 
much use in practice, involves 
the derivative of some variable 
with respect to a change in the 
specific resistivity, wattage emis- 
sivity, etc., when the length 
and diameter and one other 
function are held constant. This 
enables us to consider filaments 
which depart from the ideal con- 
ditions assumed previously. 


Hence let Z = specific resistivity 


E. =light emissivity 

E, =leakage current or error in current 
reading 

E,, = power emissivity. 

R, =error in length determination, or 
errors in volts, due, for example, to 
lead losses playing a role. 

n,, etc., are given in Table II. The electron emis- Table IV gives the derivatives of the various 

sion (J) and rate of evaporation (M) may be sub- functions with respect to another function when 

stituted for lumens (L) by substituting n; or nm 1, d and one other variable, such as V, A or L are 
respectively for 1, where it appears in the formulae. held constant. 
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And Now Arc-welded Spark Plugs 


By C. E. BECKER 
Industrial Department, Fort Wayne Office, General Electric Company 


the use of arc welding for manufacturing proc- 

esses by various automobile companies. In 
most cases these applications have been made in 
connection with the manufacture of the automobile 
proper, such as the rear axle housing, torque tube, 
body, and frame members. In the field of automo- 
bile accessories, no extensive use of arc welding has 
been made but an arc-welded spark plug has now 
appeared. 


O tn tac attention is being given to 


pressure of 60 lb. or more depending on the size and 
type of plug. After assembly, the plug is revolved in 
the special arbor for the welding operation. 

In the accompanying illustration the plug on the 
left is shown ready for assembly by the welding proc- 
ess; the plug in the center is shown cut open after 
welding to demonstrate that no injury is caused by 
the heat of welding, the porcelain core being only 
slightly discolored; and at the right two plugs of a 
different style, the upper after assembly by welding 


Metallic Arc-welded Spark Plugs in Various Stages of Manufacture at Left and Right. 
In the center a plug cut open to show that no harm is done by the welding operation 


In the past it has been the common practice to 
make spark plugs by assembling the outer steel shell 
around the porcelain core in two halves and threading 
these two halves together. By this method, the lower 
end of the upper half is threaded into the upper end of 
the lower part and the two halves are screwed to- 
gether, tightening two copper gaskets onto the porce- 
lain core. Very often this tightening process injures the 
gaskets, thus making 1t necessary to take those plugs 
apart, put in new gaskets, and repeat the assembly. 

By using a welded construction, no mechanical 
changes have been required and rejections due to 
leakage have been eliminated. The two halves of the 
steel shell and two copper gaskets are assembled on 
the porcelain core in a chuck or arbor which exerts a 


and the lower the same plug after finish machining 
and ready for the bluing oven. 

The advantages of this type of construction appear 
to be as follows: 

No tendency to leakage due to the expansion and 
contraction of the shell which might cause a mechani- 
cal joint to loosen. 

Fewer machine tool operations. 

Materially reduced number of rejections because 
the assembly is done by machine instead of by hand. 

For making these welds a welding current of 150 to 
175 amp. is used, furnished by a single-operator 
welding machine of the brush-shifting type. It 1s 
understood that patent applications are pending on 
this method of assembling spark plugs. 


pp 
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LIBRARY SECTION 


Condensed references to some of the more important recent 
articles in the technical press, and to new books of interest to 
the industry, as selected by the General Electric Main Library. 


Arc Welding 
Arc Welded Structural Steel Buildings. C. G. Watson. 
Iron & St. Engr., Mar., 1927; v. 3, pp. 151-169. 
Building Special Machines by Welding. Robert. E. Kinkead 
Am. Mach., Mar. 10, 1927; v. 66, pp. 409-411. 
(Author is engineer of the Lincoln Electric Co.; 
Te substituting built-up steel parts for cast- 
ings. 
Developments and Research in Welding. D. H. Deyoe. 
Am. Weld. Soc. Jour., Apr., 1927; v. 6, pp. 48-58. 


Modern Structural Industry Demands a Knowledge of 
Arc-Welding. C. J. Holslag. 
Am. Weld. Soc. Jour., Apr., 1927; v. 6, pp. 82-88. 
“ Progress Report No. 5, Committee on Welded Rail 
Joints, American Welding Society.” 
Am. Weld. Soc. Jour., Mar., 1927; v. 6, pp. 12-72. 
(A collection of test results, by different authors, on 
arc-welded rails.) 
Replacing Castings by Welded Steel Parts. J. F. Lincoln. 
Am. Weld. Soc. Jour., Apr., 1927; v. 6, pp. 33-41. 


Cars, Electric 
Joliet Develops Worm-Drive Trucks to Reduce Unsprung 
Weight. 
Elec. Rwy. Jour., Apr. 2, 1927; v. 69, pp. 602-605. 
(Illustrated description of an experimental truck for 
street cars built for the Chicago & Joliet Electric 
Railway by the Timken Detroit Axle Co.) 


Circuit Breakers 
How Electric Circuits are Opened by Circuit Breakers. 
Burt S. Burke. 
Power, Mar. 22, 1927; v. 65, pp. 441-443. 
Selection of Circuit Breakers for Low-Voltage Applications. 
Burt S. Burke. 
Power, Apr. 5, 1927; v. 65, pp. 513-516. 


Contactors 
Contactor Gear. 
Met.- Vick. Gaz., Mar., 1927; v. 10, pp. 52-57. 
Series Contactors Applied to Starting Direct-Current 
Motors. C. N. McDavitt. 
Power, Mar. 29, 1927; v. 65, pp. 473-475. 


Electric Cables 


Ductless Electric Power Cables. C. F. Hood. 
Iron & St. Engr., Mar., 1927; v. 3, pp. 143-150. 


Electric Circuits 
Non-Uniform Lumped Electric Lines: I. The Conical Line. 


Stuart Ballantine. 
Franklin Inst. Jour., Apr., 1927; v. 203, pp. 561-582. 


Electric Control Systems 


How Push-Button Type Elevator Controllers Operate. 
Charles A. Armstrong. 
Power, Mar. 15, 1927; v. 65, pp. 398-400. 


Electric Controllers 


College Laboratory Controllers. Reuben Lee. 
Elec. Jour., Apr., 1927; v. 24, pp. 162-163. 
(‘‘The first of several articles showing the need of 
better control equipment for college laboratories, 
and methods of fulfilling this need.” ) 


Electric Current Transformers 
4000-Kv-a., Three-Phase Transformers for Jersey Sub- 
stations. F. W. Gay and J. D. Winans. 
Elec. Wld., Mar. 12, 1927; v. 89, pp. 555-557. 
(Illustrated description of equipment employed in 
carrying out a new practice on the system of the 
Public Service Electric & Gas Co., Newark, N. J.) 


Electric Drive—Dredging 
Economy of Portland's Big Diesel Dredge. 
Polhemus. 
Motorship, Mar., 1927; v. 12, pp. 177-181. 
(An account of year’s operation of the world's largest 
Diesel-electric dredge.) 


Electric Drive—Steel Mills 


Application of Direct Current Motors to Main Roll Drives. 
Harry A. Winne. 
Iron & St. Engr., Apr., 1927; v. 4, pp. 194-202. 
Electrification of Sheet Mills. J. S. Murray. 
Iron & St. Engr., Apr., 1927; v. 4, pp. 173-193. 
(Lengthy, illustrated description of equipment in the 
ST Ohio, Works ot the Follansbee Brothers 
O. 


James H. 


Electric Furnaces 
Electric Furnaces in Nonferrous Metallurgy. Donald F. 


Campbell. 
Engng., Mar. 18, 1927; v. 123, pp. 334-336. 
before the Institute of 


(Abridgment of a paper rea 
Metals. Discussion on pp. 314-316. Appears in 
abstract, also, in Engineer, Mar. 18, 1927, p. 295.) 


Electric Lighting— Aviation 


Artificial Light as an Aid to Aerial Navigation. H. N. 
Green. 
Tllum. Engr., Apr., 1927; v. 20, pp. 101-105. 
(Serial.) 


Electric Lighting— Theaters 
Recent Developments in Emergency Theater Lighting. 
James M. Evans and James McConahey. 
Elec. Wid., Mar. 19, 1927; v. 89, pp. 595-598. 
(Explains a floating storage battery system for pro- 
viding theater lighting in emergencies, as recom- 
mended for use in Pacific Coast cities.) 


Electric Lighting— Under-Water Spaces 
Under Water Illumination. Samuel G. Hibben and W. A. 


cKay. 
Illum. Engng. Soc. Trans., Apr., 1927; v. 22, pp. 417-425. 


Electric Locomotives 
Butte, Anaconda & Pacific Maintenance Methods. 
Bellinger. 
Rwy. Elec. Engr., Apr., 1927; v. 18, pp. 108-112. 
(Pertains to maintenance and inspection methods for 
the electric locomotives.) 


F. W. 


Electric Motors 
Graphic Solution of Motor Circuits. Max Kushlan. 
Elec. Wid., Mar. 26, 1927; v. 89, pp. 650-653. 
(A short method of determining the current taken for 
various conditions of loading and power factor.) 


Electric Transformers 
Core Type Transformers for High Pressures: 
Major Insulation. W. B. Garrett. 
Wid. Power, Apr., 1927; v. 7, pp. 192-196. 
ere ane of Large Power Transformers. 
. H. Hill. 
Elec. Jour., Apr., 1927; v. 24, pp. 146-151. 
(Serial.) 


Electric Transmission 


Transmission and Distribution. J. R. Beard. 
I.E.E. Jour., Mar., 1927; v. 65, pp. 338-350. 
(“A review of progress.’’) 


Design of 


Electric Welding 


Resistance Line Welding. H. W. Tobey. 
Am. Weld. Soc. Jour., Apr., 1927; v. 6, pp. 74-81. 
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Electrical Machinery— Drying 
Drying Out Large Units. E. J. Morrissey. 
Elec. Wld., Mar. 26, 1927; v. 89, pp. 662-663. 


(Pertains to methods of drying generators and trans- 
formers.) 


Electrical Machinery, Fires In 
_ Generator Fire-Extinguisher System at Edgar Station. 
George R. Davison. 
Elec. Wid., Mar. 12, 1927; v. 89, pp. 545-547. 
(Pertains to equipment in the Edgar Station of the 
Edison Illuminating Company of Boston.) 


Electrical Machinery—Stability Characteristics 
Stability of Large Power Systems. F. H. Clough. 


Elec. News, Mar. 15, 1927; v. 36, pp. 41-43. 
(Serial.) 


Electricity—Applications—Agriculture 
Electro Farming. R. Borlase Matthews. 
Elec. Rev., Apr. 8, 1927; v. 100, pp. 549-551. 
(“A new continuous crop-drying process.”') 
Reducing Silo Filling to a Small Motor Job. Howard C. 
Fuller. 
Elec. Wid., Apr. 2, 1927; v. 89, pp. 714-715. 
(Short article giving results of experiments conducted 
by the Utica Gas and Electric Co.) 


Electricity —Applications—Bridges 


Electric Operation of Jersey Central Bridge. C. H. 
Norwood. 
Rwy. Elec. Engr., Apr., 1927; v. 18, pp. 103-107. 
Electrometallurgy 


Rustless Iron by a New Process. 
Iron Age, Apr. 7, 1927; v. 119, pp. 990-992. 
(Describes a Swedish process for the electrical produc- 
tion of such iron.) 
40 Cents Per Ton for Electric Melting. B. K. Howard. 
Elec. Wid., Apr. 9, 1927; v. 89, pp. 765-767. 
(Presents data on operating methods and costs for an 
electric steel-melting furnace.) 


Elevators, Electric 


A-C. Elevator Motor Drive. E. B. Thurston. 
ÁA.I.E.E. Jour., Apr., 1927; v. 46, pp. 321-327. 


Excitation 
Quick-Response Excitation for Alternating-Current Syn- 
chronous Machinery. C. A. Powel. 
Elec. Jour., Apr., 1927; v. 24, pp. 157-162. 
(Discusses the need of some such device for maintain- 
ing stability in transmission systems, and describes 
the apparatus and its mode of operation.) 


Exciters 


Exciters for A. C. Generators. 
Power Pl. Engng., Apr. 1, 1927; v. 31, pp. 415-417. 
(Compound versus shunt, capacity needed, control 
methods, etc.) 


Fans—Testing 


Testing of Ceiling Fans. E. Hughes and W. G. White. 
I.E.E. Jour., Mar., 1927; v. 65, pp. 367-372. 


Faults, Electric 


Faults on Distribution Systems Located by Radio. C. P. 
Edwards. 
Bul. of Hyd. Pr. Comm. of Ont., Mar., 1927; v. 14, pp. 
100-116. 


Grounds, Electric 
Characteristics of Ground Faults on Three-Phase Systems. 


S. B. Griscom. 
Elec. Jour., Apr., 1927; v. 24, pp. 151-156. 


Hydroelectric Development 


Hemmings Falls Development. J. S. H. Wurtele and 
H. S. Grove. 
Elec. News, Mar. 15, 1927; v. 36, pp. 27-32. 
(Illustrated description of a project of the Southern 
Canada Power Co.,on the St. Francis River, Quebec.) 
Norman Dam Power Development. 
Elec. News, Apr. 1, 1927; v. 36, pp. 32-34. 
(Mustrated description of a plant of the Keewatin 
Power Co., in Canada.) 
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Insulating Oils 


Experience with New Insulating Oil Filter. R. E. Dennis. 
Elec. Wld., Mar. 26, 1927; v. 89, pp. 647-649. 
(Describes a method used by the Westchester Lighting 
Co. for clanfying and dehvdrating transformer and 
switch oils.) 


Insulating Oils— Testing 


Oil Breakdown at Large Spacings. Douglas F. Miner. 
ÁA.I.E.E. Jour., Apr., 1927; v. 46, pp. 336-343. 
(Westinghouse engineer presents methods of testing 
and test results. Includes a list of eight biblio- 
graphic references.) 


Insulation— Testing 


Power Losses in Commercial Glasses. William C. Decker. 
Elec. Wid., Mar. 19, 1927; v. 89, pp. 601-603. 
(Presents results of tests on the dielectric constants, 
phase differences and power losses of eleven com- 
mercial types of glass, including Pyrex.) 


Lightning 
Lightning. F. W. Peek, Jr. 
Bul. of Hyd. Pr. Comm. of Ont., Mar., 1927; v. 14, pp. 
92-99. 


(An address before the Association of Municipal Elec- 
trical Utilities, Toronto, Jan. 19, 1927.) 


Lubrication and Lubricants—Testing 


Lubricating Oils; Laboratory Tests in Relation to Practical 
Results. A. G. Marshall and C. H. Barton. 
Engng., Apr. 8, 1927; v. 123, pp. 435-439. 
(Abridgment of a paper read before a joint meeting of 
the Society of Chemical Industry and the I.M.E. 
Discussion, pp. 425-426.) 


Machinery—Inspection 


Forestalling Trouble by an Annual Inspection of Steam 
Turbines. 
Power, Mar. 15, 1927; v. 65, pp. 401-403. 


Mercury Boilers 


Generating Power With Mercury Vapor Discussed at 
A.S.M.E. Meeting. 
Power, Apr. 12, 1927; v. 65, pp. 566-567. 
(Abstract of a paper by B. P. Coulson.) 


Metals—Testing 


Comparative Tests on Ball Bearing Steels. T. L. Robinson. 
Am. Soc. St. Treat. Trans., Apr., 1927; v. 11, pp. 607-618. 


Elastic Deflection of Thick Plates Uniformly Loaded. 
G. M. Russell. 
Engng., Mar. 25, 1927; v. 123, pp. 343-345. 
(Serial.) 


Phototherapeutics 


Dual Purpose Light. J. S. Hughes and others. 
Illum. Engng. Soc. Trans., Apr., 1927; v. 22, pp. 412-416. 
(An account of experiments to determine the growth- 
roducing properties of ultra-violet light, especially 
in connection with chickens subjected to light from 
the Cooper Hewitt lamp.) 


Light in Medicine and Surgery. Herman Goodman. 
Illum. Engng. Soc. Trans., Apr., 1927; v. 22, pp. 385-411. 


Power Plants, Electric 


East River Station. 
Power Pl. Engng., Mar. 15, 1927; v. 31, pp. 338-346. 
(Illustrated description of equipment in the East 
River Station of the New York Edison Co. See also 
“Electrical Features of East River Station,” pp. 
356-358.) 
Layout and Operation of the Electrical System of the 
Brooklyn Edison Company. . C. M. Stahl. 
Mech. Engng., Apr., 1927; v. 49, pp. 327-329. 
Methods of Obtaining Economical System Operation. 
H. M. Cook. 
Mech. Engng., Apr., 1927; v. 49, pp. 313-320. 
(Pertains to the Brooklyn Edison Co.) 


System Operation of Steam and Mechanical Equipment. 
. A. Cox. 
Mech. Engng., Apr., 1927; v. 49, pp. 310-312. 
(Pertains to division of load, s<lection of fuel, oper- 
ation changes, maintenance procedure, etc., on the 
system of the Brooklyn Edison Co.) 


LIBRARY SECTION 


Radio Engineering— Distortion 
Sources of Distortion in Resistance Amplifiers. 
Von Ardenne. 
Wireless Wld., Mar. 30, 1927; v. 20, pp. 395-399. 
(“Influence on quality of anode resistance, grid leak, 
and coupling condenser values.'”) 


Manfred 


Radio Engineering—Loud Speakers 

Coil-Driven Diaphragm Loud-Speaker Design. 
McLachlan. 

Wireless Wld., Mar. 30, 1927; v. 20, pp. 372-377. 
(“Factors governing the design of the diaphragm and 
the moving coil windings.’’) 

Loud-Speaker Diaphragms; Influence of Diameter of 
Diaphragm on Interference Effects at High Fre- 
quencies. N. W. McLachlan. 

Wireless Wid., Mar. 23, 1927; v. 20, pp. 345-350. 


Radio Engineering— Reception—Interference 
Radio Interference Experiences. Oliver P. Reed. 
Elec. West, Apr., 1927; v. 58, pp. 195-197. 
(“A discussion of Denver's radio troubles and their 
solution.'”) 


N. W. 


Radio Engineering— Transmission 
Some Notes on Design Details of a High-Power Radio- 
Telegraphic Transmitter Using Thermionic Valves. 
R. V. Hansford and H. Faulkner. 
T.E.E. Jour., Mar., 1927; v. 65, pp. 297-326. 
(A lengthy description of the technical details of the 
transmitting equipment at Rugby Station, England.) 


Radio Engineering—Wave Filters 
Boucherot's Constant-Current Networks and Their Rela- 
tion to Electric Wave Filters. A. C. Bartlett. 
T.E.E. Jour., Mar., 1927; v. 65, pp. 373-376. 


Radio Engineering—Wave Propagation 
Comparison of the Variation of Intensity and Direction of 
Radio Signals. Herbert J. Reich. 
Franklin Inst. Jour., Apr., 1927; v. 203, pp. 537-548. 
(An account of tests on simultaneous direction readings 
of reception from two or more transmitting stations. 
Includes data on interference results.) 


Ratio Adjusters, Transformer 
Equipment for Controlling the Voltage Ratio of Trans- 
formers Under Load. K. A. Oplinger. 
Elec. Jour., Apr., 1927; v. 24, pp. 164-167. 
Interlocked Mechanism for Tap Changers. R. M. Field. 
Power Pl. Engng., Mar. 15, 1927; v. 31, pp. 354-356. 
(Westinghouse engineer describes an arrangement for 
preventing the connection of transformers to line 
while taps are being changed.) 


Relays 
A-C. Network Relay Characteristics. D. K. Blake. 
A.I.E.E. Jour., Apr., 1927; v. 46, pp. 361-369. 
Direct-Current Time-Delay Relays; Moving Vane Type. 
John V. Breisky. 
Elec. Jour., Apr., 1927; v. 24, pp. 179-183. 


Speed Reducing Devices 
Application of Gears and Speed Reducers on Motor Drives. 


Gordon Fox. 
Ind. Engr., Apr., 1927; v. 85, pp. 162-167. 


NEW 


Centrifugal Pumps; Their Design, Operation and Testing. 
George Higgins. 86 pp., 1926, Lond., Crosby Lockwood & Son. 


Factory Management. Paul M. Atkins. 386 pp., 1926, 


N. Y., Prentice-Hall. 


Gasoline Automobile. Vol. 1: The Gasoline Engine. Ed. 7. 
P. M. Heldt. 728 pp., 1926, Nyack, N. Y., The Author. 


Kinetic Theory of Gases. Leonard B. Loeb. 555 pp., 1927, 
N. Y., McGraw-Hill Book Co., Inc. l 


Marvels of Modern Mechanics. Harold T. Wilkins. 280 pp., 
1927, N. Y., E. P. Dutton & Co. 


Mathematical Analysis for Engineers. 
193 pp., 1926, Phila., The Author. 


Miles A. Keasy. 
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Steam Boilers, Internal Combustion 
Brunler Flame and Its Industrial Applications. 
Engrs. Y Engng., Apr., 1927; v. 44, pp. 85-87. 
(A short article on the use of the Brunler internal 
combustion principle for steam boilers and for con- 
centration of liquors, sewage sludge, etc.) 


Steam Plants 
Economic Advantages of the Combined Production of 
Power and Heating Steam. V. Reniger. 
Power, Mar. 22, 1927; v. 65, pp. 458-459. 


Steam Turbines—Testing 
Tests on Erosion Caused by Jets. E. Honegger. 
Brown Boveri Rev., Apr., 1927; v. 14, pp. 95-104. 
(An account of tests on steam jet erosion of metals, 
especially in connection with turbine blades.) 


Strength of Materials 
Why Metals Fail Under Influence of Steam Once Super- 
heated. Bert Houghton and D. C. Weeks. 
Power, Apr. 12, 1927; v. 65, pp. 540-542. 


Substations 
New 3000-kw. Synchronous Converter Station at Windsor. 
Bul. of Hyd. Comm. of Oni., Mar., 1927; v. 14, pp. 77-84. 
(Illustrated description of equipment in a station of 
the Hydro-Electric Power Commission of Ontario.) 


Substations for Residential Districts. H. L. Doolittle. 
Elec. Wld., Apr. 2, 1927; v. 89, pp. 697-699. 


Substations, Automatic 
Rapid Growth of Automatic Substation Control Due to 
Its Great Economic Advantages. E. G. Peterson. 
Coal Age, Mar. 31, 1927; v. 31, pp. 461-464. 
(Cutler-Hammer engineer explains the value of the 
automatic substation in mine operation.) 


Remote Controlled Automatic Mercury Rectifier Sub- 
Stations for Municipal Power and Lighting Stations. 
W. Weissbach. 
Siemens-Schuckert Rev., No. 2, 1927; v. 3, pp. 40-43. 
(Serial.) 


Switches and Switchgear 
Arc Formation and Breaking Characteristics of Switches. 


Sven Norberg. 
ASEA-Jour., Mar., 1927; v. 4, pp. 28-37. 


Transient Phenomena 
Electric Transients and Engineering Fundamentals. 
C. Edward Magnusson and George S. Smith. 
Elec. Wid., Apr. 9, 1927; v. 89, pp. 749-751. 


Trolley Wire 
Maintaining an Overhead Contact System. F. W. 
Bellinger. 
Rwy. Age, Mar. 19, 1927; v. 82, pp. 932-936. 
(Describes methods used on the Butte, Anaconda & 
Pacific electrified line.) 


Wire 
Developments in the Manufacture of Copper Wire. 
John R. Shea and Samuel McMullan. 
A.I.E.E. Jour., Apr., 1927; v. 46, pp. 346-355. 
(Describes the processes of manufacture.) 


BOOKS 


Oxwelder's Manual. Ed. 9. 216 pp., 1926, Long Island 
City, N. Y., Oxweld Acetylene Co. 


Properties and Testing of Magnetic Materials. Thomas 
Spooner. 383 pp., 1927, N. Y., McGraw-Hill Book Co., 


Inc. 


Radio Encyclopedia. Sidney Gernsback. 168 pp., 1927, 


N. Y., The Author. 


Tables of Physical and Chemical Constants and Some 
Mathematical Functions. Ed. 5. G. W. C. Kaye and 
T. H. Laby. 161 pp., 1926, N. Y., Longmans, Green « Co. 


Thermodynamics. Ed. 2. J. E. Emswiler. 
N. Y., McGraw-Hill Book Co., Inc. 


296 pp., 1927, 
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50,000-kw. G-E turbine-generator, East River Station, New York Edison Com- 


pany. Surface air coolers are mounted on the generators--a suitable location 
where space is not available below the machine 


Another problem solved. 
with G-E Surface Air Coolers 


The location of the East River Station demands 
the utmost quiet in the operation of the plant. 
Therefore, G-E surface air coolers have been 
installed to decrease noise and also to obtain 
these additional advantages: 


Confinement of hot ventilating air. 


Minimum fire hazard. The contained air 
can support but little combustion. 


One G-E Cooler Section 


The air in the enclosed ven- 


tilati t is cooled b : : : 
E ca Perfect cleanliness. Only clean air circu- 
faces of water-cooled tubes. 

ea cored Ue lates through the machines. 


h G-E sal 
ae E ei These advantages have been demonstrated by 


surface air coolers applied to synchronous 
condensers, frequency-changers, waterwheel 
generators, turbine-generators, and similar 
electric machinery. The specialist in the near- 
est G-E sales office will show you the value 
of enclosed ventilation. 
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MOTOR DRIVE OF LARGEST MACHINE IN THE WORLD 


The cement kiln is the largest machine of any kind and for this reason a few will serve a large plant. It is a tribute to the 
reliability of electric motor drive that it is used where an avoidable shutdown is intolerable. Motors are not proof 
against neglect, however, and among other things require that care be given their insulation. (See p. 396) 


In This Issue: Care of Motors Radio Tube Development 
Centrifugal Pumping New Pointing Device of Quartz 
Pull in Solenoid Plungers Molded Insulation igi Klevater Service 


WHEELER CONDENSERS 


Je 


of 
rculating 
Water 


LF the circulating water for a condenser must be pumped against considerable static 
head, as with a cooling tower, spray pond, or excessive external pipe friction, 
the quantity of cooling water must be reduced in order to decrease the power 
required by the circulating pump. The patented two-pass surface condenser shown 
above is especially designed to produce the highest vacuum with the least amount 
of cooling water. The cold water from the air cooling section is redirected by a 
special baffle in the return water box to the outermost tubes of the second pass 
where it comes in direct contact with the exhaust steam. In this manner all the 
water is heated to approximately the same temperature. The unit shown is a 
22,000 square foot condenser installed with an 18,000-kw. turbine at the Westport 
Station of the Consolidated Gas, Electric Light and Power Co., Baltimore, Md. 
Purchaser’s test of this unit showed from 690 to 756 B.T.U. heat transfer. Com- 
plete test data will be sent on request. 


Four other larger units of the same construction are installed in the plants of the 
above company. 


Wheeler Condenser & Engineering Co. 
Main Office, 149 Broadway, New York 
Works, Carteret, N. J. and Newburgh, N. Y. 
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THE PASSING OF NECESSITY 


One of the most overworked of all the old proverbs 
is the statement that necessity 1s the mother of 
invention. With every new discovery, even with every 
improvement in processes or in the use of materials, 
somebody is sure to come forward with that proverb; 
and people in general still thrill to its sound and 
believe in 1t absolutely. But there is no doubt that 
necessity is much over-rated, for in looking back over 
the few hundred years during which science has done 
most of its valuable work, 1t seems evident that many 
of the great things have come not because we 
consciously needed them but because some particular 
individual was curious—curious to see what could be 
done to improve things as they were. 

The scientist is driven by the urge to find out, and 
when he does find out, his findings go on to mankind. 
The engineer and the chemist: face definite problems, 
but they also create new designs largely because 
professional instinct bids them to. Necessity, which 
perhaps mothers unusual ingenuity in times of great 
stress, such as the Mississippi flood, in ordinary times 
lies back while man’s own nature drives him forward. 

It 1s not because we needed it that we got the tele- 
phone. To be sure, once established, it became a 
necessity, but at first it was no more than a curiosity. 
Nor did inventive genius give us the bath tub to meet 
a world-wide demand, for the first user of a bath tub 
in this country suffered persecution at the hands of 
the law. The inventors of these mighty influences in 
civilization have the peculiar glory of creating both 
the invention and then the necessity itself, thus turn- 
ing the tables sadly on the proverb. 

And so, in spite of the proverb, we should perhaps 
give less credit to blind Nature, and more to the 
spirit which drives men on to victory in new battles 
which they themselves elect to enter. 

A few years ago, the theory of doing a mechanical 
job was to find some method—perhaps any method— 
and then organize to do the work as best it could be 
done by that method. If there were inefficiencies, 
wasted hours of labor, waste products, they did not 
count. The object was principally to do the job. But 
now such a scheme of things cannot be tolerated. 
There is too much competition. The minds of men 
are fixed on doing the job efficiently; thev are filled 
with the zest to beat Nature at her own game. If 

half a dollar can be saved in the manufacture of a 


thousand lamp sockets, the engineer is happy and the 
improvement is put through at once. It is the instinct 
to do things, not any way, but the best way. And 
so it is that a new process has grown up—a process 
which ramifies into every walk of life and picks up 
loose ends of inefficiency and waste and binds them 
together into a solid and dependable whole which 
means the saving of millions and the increase of 
utility on every hand. That process is the molding of 
materials into shapes that are legion and for uses too 
numerous to count. And in this, necessity was emphati- 
cally not the parent but, instead, the child of inven- 
tion. It was again the insatiable desire of man to see 
things done in a better way. 

The molding of metals came down to us from 
beyond history, and until a short time ago it sufficed. 
Put that practice required substances which could 
be made fluid by heating. The newer molding, how- 
ever, concerned itself with non-metallic substances, 
and the practice of the foundry could not apply. So 
the engineer and the chemist tried pressing the mate- 
rial by brute force—and the first molded article was 
made. The method succeeded so well that shortly it 
became indispensable. Certain products in every 
phase of life could be made better in this way than in 
any other. Products that could not be made at all 
before were now possible. Almost an entire industry— 
radio—now depends on the molding of delicate and 
intricate insulating parts. The electrical art in 
general could not get along without molding. The 
fountain pen in your pocket, the buttons on your coat, 
the telephone, the toothbrush—all of them depend on 
molding. And yet there were telephones and tooth- 
brushes before molding under pressure was ever 
thought of. The answer? 

Simply that when you turn loose inventive genius 
in a world as full of opportunity as ours, you are 
bound to see things happen. Necessity can count 
itself lucky if it happens to coincide with invention, 
and it certainly cannot claim the glory which rightly 
be:ongs to man himself. 

Mr. Barringer, in this issue, gives us the engineering 
aspects of molding by mechanical pressure. If we can 
remember the days when such work was unknown, 
we can appreciate what he and others in this branch of 
science have given to the world. 

D. O. Wocpsury 
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Notes on the Automatic Operation of 
Centrifugal Pumps 


Application of Automatic Control to Mine Pumping Plants—Inter-relation of Hydraulic and 
Electrical Devices—General Requirements—Control Circuit Diagram— Operation 
and Adjustment of Devices 


By E. B. WAGNER. 
Electrical Engineer, Lehigh Valley Coal Co., Wilkes Barre, Pa. 


UTOMATIC control has 
A been employed in centrif- 
ugal pump installations 
for a sufficient length of time to 
prove its merits and reliability in 
this service. The next logical step 
is to standardize the design and 
manufacturing details so that the 
equipment can be produced more 
quickly and its price reduced to 
the lowest consistent with quality. 
As the cost of the actual addi- 
tional apparatus necessary to 
make an installation automatic 1s 
but a small proportion of the 
total cost of the installation, the quality of it should 
be of the highest grade. The satisfactory performance 
of an automatic control equipment depends to a large 
extent upon the successful operation of a number of 
auxiliary contacts; hence the importance of utilizing 
that type of contact which will give unfailing oper- 
ation with the minimum of maintenance. 

The first real use of the automatic control scheme in 
the Anthracite Region was made in 1922 by the 
Philadelphia and Reading Coal and Iron Company, of 
Pottsville, Penna. A statement of the results secured 
in this installation and a description of the equipment 
have already appeared in the technical press, Y for 
which reason this article will be confined to a descrip- 
tion of the electrical circuits and to a discussion of the 
inter-relation between the hydraulic and the electrical 
devices. : 

Before entering into details, it might be well to 
give consideration to a few general features of the 
automatic operation of these pumps. 

At the present time, automatic starting equipment 
for both a-c. and d-c. motors has been standardized 
by the various manufacturers, so that it will result in 
lower cost and quicker delivery of equipment if the 
pump control equipment is kept separate from the 
main-motor starter. The addition of a single-phase or a 
reverse-phase relay is not so important today as it 
was five or ten years ago, as the capacity of the 
installations has grown to a point where, in case of 
purchased power, they can no longer be supplied 


(1) “Revolutionizing Mine Pumping with Automatically Primed, Started 
and cee Centrifugal Pumps,” by Edgar J. Gealy, Coal Age, Sept. 
13, 1923, p. 392. 


Some of us mayremember having 
to prime the old farm pump before 
the manual operation of pumping 
would produce results. Electric 
power is now fast releasing the 
human arm for more useful pur- 


poses, and under automatic control 
will perform even the necessary 
priming of centrifugal pumps. 
Mr. Wagner here outlines the 
successful working of this scheme 
of control.— EDITOR 


from the local distribution system, 
which usually had a number of 
fuses along the line between the 
distributing substation and point 
of delivery. These installations 
are now either being supplied by 
individual feeders from the con- 
sumer’s substation or from the 
main transmission line of the 
Power Company. In either case, 
circuit breakers are being used 
for protection, so that all three 
phases of the line are opened in 
case of an interruption. 

Owing to the extreme condition 
of moisture usually existing in mine pumping plants, 
especially where the idle time of the equipment is a 
large proportion of the 24 hours, it is sometimes 
desirable to locate the automatic, motor-starting 
equipment at a convenient point on the surface. 
When this is done, it is of course necessary to run a 
main feeder for each pumping unit installed in the 
station, a secondary feeder to supply power to prim- 
ing pump motors and pump control panel, and a 
control cable for connecting the pump control panels 
with their respective motor starters and signal lights. 
The only equipment in the pump house would then 
be disconnecting switches for the main-motor and 
control circuits, the control panel, and the starter 
for the priming pump motor. 

In the author’s opinion, the extra cost of a priming 
pump and motor for each pumping unit is warranted 
for two reasons: (1) the additional insurance against 
uninterrupted service, and (2) the simplifying of the 
control scheme. By means of a four-way valve, which 
is permanently installed in the priming piping and a 
temporary jumper connection easily installed between 
the priming pump motor starters, either primer can be 
made to work with either pump when the emergency 
requires. The electrical control circuits for each unit 
can be entirely independent of one another, which is 
very desirable when testing or when making repairs. 

The use of the spring-operated type of priming 
valve is preferable to the solenoid type, as the addi- 
tional pressure required to overcome the spring tension 
forces a shot of water into the priming piping effec- 
tively, breaking the vacuum in the vacuum breaker, 
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thus causing a more rapid and positive emptying of 
the priming piping. It might be well to mention here 
that the drain pipe and check valve on the vacuum- 
breaker standard should be of ample size, so that no 
resistance to the rapid flow of the water is offered. 
The omission of the solenoid simplifies the wiring and 
control and does away with a shunt coil and its 
possibilities of failure. 

Better protection is obtained when the lockout 
device is of the geared-timing or of the thermal type 
rather than of the solenoid-operated notching type, as 
the latter would become inoperative in case of failure 
to obtain the initial prime. This condition might 
result from a leaking joint in the suction pipe or 
leaky packing in the pump itself. 

In installations having a high suction lift, 20 in. or 


more of mercury at starting, particular attention must . 


be paid to the type of priming valve used. If the 
priming pump or pumps serve more than one main 
pump, it is of course necessary that only the priming 
valve on the unit being primed should be open. A 
vacuum of this amount will pull the usual type of 
solenoid valve open, and as the spring valve is nor- 
mally open neither of these types can be used. Under 
this condition, a solenoid-operated valve should be 
installed, so designed that the weight of the solenoid 
armature and operating arm is sufficiently in excess of 
the pull produced by the vacuum acting on the valve 
face that the valve will not open under any condition 
of vacuum. In installations where the suction pipes 
are long, so the capacity of more than one primer is 
required, an interlock circuit should be incorporated 
in the control scheme such that only one solenoid 
valve can be energized and, hence, open at one time. 

As the pressure and vacuum regulators are depended 
upon to shut down the pump when it loses its water 
from any cause, they are important items in the 
control scheme and a few words regarding their 
location and operation might not be amiss. A multi- 
stage centrifugal pump has the unfortunate faculty, 
when it loses its water from an air leak in the suction, 
of maintaining a pressure in all its stages except the 
first. Under favorable conditions the pressure in the 
last stage will be almost as great as the normal 
working pressure, but, as no water is passing through 
the pump, it cannot be operated for a very long 
period without damage. Therefore, the connecting 
pipe for the pressure-regulator switch should be 
connected as near as possible to the discharge of the 
first stage of the pump. Under normal operation, with 
the pump delivering water, the pressure generated by 
the first stage decreases as the suction lift increases, 
due to the lowering of the water level in the sump, 
and under lifts of about 22 ft. or higher this pressure 
drops nearly to zero, the entire force of the first stage 
being used in maintaining the column of water in the 
suction pipe. The pressure regulator, therefore, must 
be quite sensitive, remaining closed while the pressure 
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drops nearly to zero but positively opening when zero 
pressure is reached. A type with a large diaphragm 
and light spring gives the best results, but this has to 
be protected from the high pressure that will probably 
result when theepump starts up with a full sump and 
low suction lift. 

Due to the drop in pressure in the first stage, the 
adjustment of the pressure regulator in installations 
with a high suction lift at starting becomes rather 
difficult. Under this condition, and especially where a 
large proportion of the suction lift is due to friction 
in the long suction pipe, a reverse-connected vacuum 
regulator can be used to advantage instead of the 
pressure regulator. This is arranged to close its con- 
tact on high vacuum and should be so adjusted that 
the contact remains open on the static vacuum, due to 
priming of the main pump, but will close when the 
pump starts, due to the increase in vacuum occasioned 
by the friction in the suction pipe. When the pump 
loses its water, the vacuum in the suction pipe im- 
mediately drops to the static value, opening the 
vacuum breaker contact and stopping the driving 
motor. This scheme of control will not stop the pump 
in case the column line breaks, so that where an 
accident of this sort may have serious consequences it 
must be taken into consideration. 

There are certain general conditions to be met in 
order that an automatic equipment may perform its 
functions in a satisfactory manner. If these are known, 
they can be tabulated and applied, each in turn, to 
the control scheme used. A method of control meeting 
all the conditions laid down should give the most 
satisfactory operation. There will be some installations 
in which the local conditions will impose special 
requirements upon the control layout, but for the 
great majority of installations the requirements can 
be tabulated about as follows: 

(1) To start and put in satisfactory operation any 
pump on the closure of its float switch, the float 
switches of the other units, if there be more than 
one in the station, being open. 

(2) With two or more pumps delivering water at 
the same time to properly restart each one after a 
power failure, all float switches being closed. 

(3) In case of failure to obtain initial priming, 
the control will be disconnected from the electrical 
circuit and the pump casing from the priming sys- 
tem, so that the other pump or pumps can start on 
closure of its float switch. 

(4) In case of failure of the pressure-regulator 
switch to close after closure of the switch on the 
vacuum breaker, the latter should be properly 
drained so that a restart can be made. 

(5) When starting the pump with the column 
empty, sufficient time in the timing device should 
be allowed to provide for the necessary restarts 
occasioned by the pressure regulator not closing at 
first, due to low column pressure. 
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(5) The failure of equipment on one unit to func- 
tion must in no way interfere with the starting of 
the other units when their respective float switches 
close. 

(7) The failure of any piece of equipment to 
function should not endanger that unit, and it 
would be desirable to back up one piece of appara- 
tus with another so that the second would give the 
necessary protection in case of failure of the first. 

(8) A start should not be made unless all equip- 
ment is in its initial starting position. 

(9) The control equipment should be as simple, 
rugged, and have as few units and contacts as 
possible. 

The first requirement assumes the simplest case, 
1.e., when float switch closes, the priming pump should 
start, and after the main pump casing is properly 
primed or filled with water the main motor starts 
and the pump begins to discharge water. If this 
discharge continues, the pump continues to run until 
stopped by the opening of the float switch, indicating 
the emptying of the sump. i 

There are no particular difficulties attached to the 
second requirement, provided the control circuits of 
the several units have been kept electrically separated 
and each unit provided with its own priming pump. 
While it is quite improbable that, even with two 
similar units, both pumps would become primed at 
exactly the same instant, thus starting the main 
motors simultaneously and drawing excessive current 
from the system, yet, by means of an interlock contact 
on the priming pump starters, this condition can be 
prevented by allowing only one priming pump to 
operate at one time. Where it is deemed expedient to 
prime several pumps from one primer, it is absolutely 
necessary that the priming valve be of the type that 
cannot be pulled open, due to a vacuum in the main 
pump casing. Considerable complication in the control 
scheme can be avoided if a priming pump motor 
starter be provided, with each unit. The several 
starters would, of course, all start the same motor 
when any one of them was in the closed position. 

A common cause of failure for a pump to receive 
its initial prime is due to an air leak in the packing on 
the suction end of the pump shaft. If the lockout 
device is of the geared-timing or thermal type, it 
will open its contact at the end of the time period 
for which it is set and drop out the priming pump 
starter, making the priming pump available to prime 
another unit. The problem to be met after this occurs 
is then the same as in condition (2). 

Sometimes there will be only a slow leak in the 
suction-end stuffing box or at one of the joints in the 
suction piping, so that the capacity of the priming 
pump is sufficient to prime the main pump. This will 
then start and, due to the leaks or to a pocket of air 
that may have collected in the suction pipe being 
swept into the pump casing by the flow of the water, 
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the main pump fails to continue pumping and loses 
its pressure so that the pressure regulator does not 
close its contacts. If the drain pipe and check valve of 
the vacuum breaker are of sufficient size, the stand 
pipe supporting the bowl of the breaker will, by this 
time, be practically free of water so that when the 
vacuum-breaker contact opens the conditions are 
favorable for a restart. There is yet some water left in 
the bowl of the breaker, and the starting of the prim- 
ing pump pulls through what water remains in the 
pipe connecting the priming valve with the breaker 
standpipe. The capacity of the standpipe, from the 
drain check valve to the tee where the pipe from the 
priming valve connects, should be such as to hold this 
amount of water so that it will not be drawn back 
into the bowl of the breaker, giving the false indica- 
tion of being primed. In order that this draining of the 
vacuum breaker be as complete as possible, it is 
advisable that the priming pump be stopped before 
arestart is made. As long as the priming pump is 
running, the vacuum produced by it holds the water 
in the vacuum breaker and prevents it from drain- 
ing. To prevent pockets of air in the suction line, 
care should be taken to have this grade upward to 
the suction flange of the pump. If increasers are 
necessary, they should be of the offset type and not 
the concentric, with the straight side at the top to 
avoid air pockets. 

In.a few special instailations, it 1s necessary to 
have the pump start automatically with an empty 
column line. Under this condition the timing device 
should have sufficient delay to allow restarts necessary 
to produce enough pressure in the column pipe to 
hold the pressure regulator closed with the pump 
delivering water. The capacity of the main pump 
motor auto-transformers should also be checked to 
make sure they are sufficient to take care of the re- 
peated starts. In most other cases, an attendant will 
be on hand to reset the timing device when a start 
has to be made with an empty column. It is found 
that a time delay sufficient to allow an initial and two 
restarts is enough to allow the pump to get on the 
line, if it is to start at all. 

The sixth condition will be taken care of without 
question when an isolated control circuit is used for 
each unit. When interlock contacts or priming pipe 
connections interconnect two or more units, all 
possible failures to start any unit should be con- 
sidered to make sure that they would not prevent the 
starting of the other units at the proper time. 

While electrical apparatus performs its function 
sometimes under almost insuperable handicaps, it 1s 
subject to failure, so that a backstop that will be | 
available in case of emergency is highly desirable. 
Whenever possible, this protection should be obtained 
from apparatus already incorporated in the control 
scheme primarily for some other purpose. For 
instance, should the float switch fail to open its 
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contacts when the low-water level is reached, the 
pump would be stopped by the vacuum regulator 
opening, due to the excessive vacuum developed, or 
the pressure regulator would open due to the drawing 
in of air at the end of the suction pipe. The pressure 
regulator is in turn backed up by the vacuum regulator 
and float switch, except in the case of the pump losing 
its water, due to an air leak at the early stages of the 
cycle. This condition can be backed up in two 
ways: (1) by the use of a reverse-connected vacuum 
regulator, as mentioned earlier in this article, and 
(2) by using a type of check valve which has the 
hinge of the check projecting through the body to 
which a lever arm is attached. By means of a link, 
this lever can be connected to an ordinary float- 
switch contact. When the pump delivers water to the 


To Control Circuit 


La Terminals of Main Starter Li 


All apparatus shown in de-energized position 
~i- Relay Contact Normally open + Relay Contact Normally Closed 


6 Relay Operating Coil VB Vacuum Breaker Contact(double pole) 
FS Float itch (double pole) PPS Starter for ee oe pr Motor 
CR, Control Rela Ap Eri CR2 Control Relay (sing 
PR, Pressure Acc LR Lock out Relay 
PR, Contact on Switch er motor Coil, Timing Motor of LR 
to arm of Check valve Magnet Coil, Paraang Coil of LR 
vR vacuum Regulator Contact PB Run and Stop Push Button 
Fig. 1. Diagram of Control Circuits Designed to Fulfill All the 


Conditions Likely to be Met in the Automatic Cperation 
of Centrifugal Pumps 


column line, the check valve opens and the movement 
of the lever closes the switch contact. When the flow 
of water stops, the contact opens. This contact would 
be connected in series with the pressure-regulator 
contact. The vacuum breaker is the most difficult to 
supplement, but the failure of this piece of equipment 
is serious only when it fails to open. This condition 
can be taken care of by the use of a double-pole con- 
tact, shown as VB in the control circuit given in Fig. 1. 

The close clearances employed in a centrifugal 
pump do not permit the pump to be run without 
serious damage unless there is water in the casing. 
It is very necessary, therefore, that the scheme of 
control be such that the pump cannot be started 
until water is drawn into the casing by the action of 
the priming pump. The control circuit should be so 
arranged that the failure of the relay or contact (that 
would cause a false start) to return to the starting 
position would prevent the unit from starting at all 
until an inspection had been made. 

The usual type of workman to be found around the 
mines who would be expected to look after this 
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equipment is not well versed in the mysteries of 
control schemes, or able to care properly for apparatus 
having delicate parts or requiring fine adjustments. 
The various items of equipment should be as rugged 
and substantially built as possible and the control 
scheme simple so that it can be easily grasped. Where 
make-and-break contacts are used, the design should 
be worked out so as to prevent burning and welding. 
In pumping installations, the maintenance force is 
generally limited and it cannot be reasonably ex- 
pected that these men will keep the contact surfaces 
bright and clean. Also, the equipments should be 
enclosed in sheet-metal cases as a safety precaution 
and to prevent tampering. 

A suggested diagram of control circuits designed to 
meet as many as possible of the conditions just out- 
lined is shown in Fig. 1. 

The adjustment of the various pieces of equipment 
is as follows: 

Float Switch (FS): This is set so as to close its 
contacts when the sump is at its high level and open . 
them when at its low level. 

Pressure Regulator (PR): This is so adjusted that 
its contacts positively open at zero pressure and close 
on the pressure developed in the first stage of the 
pump casing when the pump is operating under 
normal head. | 

Auxiliary Switch (PR:): This contact, which can be 
a single-pole float switch, is so connected to the arm 
of the check valve in the column pipe of the pump 
that it is open when the valve is closed and closed 
when the valve is opened due to normal discharge of 
the pump. 

Vacuum Breaker (VB): This contact is so adjusted 
that it closes just after the relief valve on the top 
of the vacuum-breaker body opens and that it is 
positively open when the bowl of the vacuum breaker 
is drained. 

Lockout Relay (LR): In its “‘off’’ position, the nor- 
mal adjustment of this relay is such that the hook-on 
end of the contact arm 2-6 does not touch the end of 
the arm 3-6, and care should be taken to see that this 
adjustment is maintained. The timing of this relay 1s 
such that the pump under normal conditions will 
obtain its initial prime and two reprimes before the 
relay locks out. 

Normal Start: The closure of the float switch 
energizes the priming pump starter, CR and the 
magnet and motor coils of LR providing CR, is in 
the “off?” or starting position. The lockout-relay 
contact LR then closes the contact 2-1, which short 
circuits the CR, contact 2-3. When the pump is 
primed, VB closes its contacts, which energize the 
operating coil of CRı, as the CR: contact has already 
been closed. The closure of CR, energizes the starter 
of the main-pump motor and stops the priming pump. 
The vacuum breaker begins to drain and the main 
pump to build up a pressure. If the pump delivers 
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its normal flow at normal head, PR; and PR, close, 
completing a shunt circuit for coil of CR,, so that when 
VB opens it is still energized. The pump continues to 
run until the sump is emptied when it will be stopped 
by the opening of FS. If CR, or LR do not return to 
their starting positions, a restart cannot be made 
until the trouble is remedied. If the pump loses its 
water during operation, or FS fails to open, the motor 
will be stopped by the opening of PR, or PR; which 
de-energizes the coil of CR,, opening it. This lights 
the signal or rings the alarm showing that a visit to 
the station is necessary. 

If the vacuum breaker fails to drain or its contacts 
freeze fast, the pump will continue to run, if it makés a 
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normal start, till the sump is emptied when the open- 
ing of FS will stop the motor and open CR,, lighting 
signal lights as LR is held in its locked-out position, 
due to the second contact of VB short circuiting one 
contact of FS. If the pump under this condition, 
however, does not make a normal start and fails to 
take its water, it will continue to run until stopped 
by LR locking out. No damage to the pump will 
result, as the casing has just been filled with water and 
it can run for this length of time without overheating. 

The author’s experience with automatic control 
has been very satisfactory and he feels that there 
will be a large number of such installations made 
throughout the mining regions. 


Southern Pacific’s Diesel-electric Ferries 


The Southern Pacific Railroad has recently placed 
in its San Francisco Bay service four Diesel-electric 
ferry boats: the Fresno, Stockton, Tahoz, and Santa 
Rosa. The Santa Rosa was built by the General 
Engineering & Drydock Company, and the others by 
the Bethlehem Shipbuilding Company of San Fran- 
CISCO. 

This railroad, the owner of a large number of steam- 
engine-driven boats including one of the largest ferries 
in the world, had had no experience with electric 
drive. Its decision to build the new boats followed 
closely on the heels of the building of three Diesel- 
electric ferries for the Golden Gate Ferry Company 
and the service of the Diesel-electric tankers owned 
by the Standard Oil Company of California. 

The new ferry boats are of the double-ended type, 
equipped with pilot-house control, and are being used 
principally in vehicular service, although passengers 
are carried. 

They were completely electrified with General 
Electric equipment. The main generating plant 
on each consists of four Diesel engines built by the 
New London Ship & Engine Building Company 
of Groton, Conn. Each engine is rated 450 brake 
horse power at 230 r.p.m., and is direct connected to 
a 275-kw. 250-volt direct-current generator for 
supplying power to the propulsion motors, and a 
40-kw. 125-volt direct-current auxiliary generator. 
The auxiliary generator supplies not only the excita- 
tion to the main generator and motors but also fur- 
nishes power for lights, ventilation, and auxiliary 
equipment. The direct connection of the auxiliary 
generators to the main engines secures the advantages 
of the low fuel consumption of the main engines and 
the elimination of separate auxiliary engine sets. 
One standby generator is provided for use when the 
boat is standing by and it is not desired to start the 
main engines. 


There are two main propulsion motors on each 
boat, one at each end and each rated 1250 shaft 
horse power at 130 r.p.m. The two motors are electri- 
cally connected in series with each other and in series 
with the main generators. When accelerating the boat, 
full torque 1s applied to each propeller for a short 
period, and after the stern propeller comes up to full 
speed the bow propeller is driven just enough to 
overcome its own resistance and friction. 

The variable-voltage system of control is used, 
arranged for operation from either of the pilot houses 
or from the engine room. The switchboard for con- 
trolling the output of the main generators is of the 
dead-front type, to secure maximum safety for the 
engineers. Many ingenious features are incorporated 
in the switchgear. For example, the main circuit 
switch blades are sectors of copper with teeth cut on 
the arc of the sector. These sectors mesh with Texto- 
lite pinions on the operating shaft which is connected 
to the handwheel at the front of the board, and, as the 
handwheel is turned, the switch is thrown from posi- 
tion to position. The Textolite pinions act as insu- 
lators between the “live”” switch blades and the 
““dead” handwheel and enable the operator to exert 
maximum force on the switch blade. 

The pilot-house controllers are similar in appearance 
to the conventional engine-room telegraph pedestals 
and require no additional thought or judgment beyond 
that necessary for a standard telegraph. By moving the 
handle the operator directly controls the output from 
the main generators to the motors, instead of transmit- 
ting signals to the engine room for execution there. 

These four ferries, with two additional boats for the 
Northwestern Pacific Railroad, will make a total of 
69 Diesel-electric vessels in service or under construc- 
tion, electrically equipped by various manufacturers, 
in this country. The first Diesel electric ship was put 
in service in this country seven years ago. 


Elevator Service Requirements of the 


Modern Office Building* 


Building Location and Types of Occupancy as Factors in Determining Elevator Service—Effects of the 
Business Habits of the Building Occupants— Determination of Traffic Factors—Specific Data 
on Population Densities—Fixing of Schedule—Present Demands and Tendencies 


By BASSETT JONES 
Consulting Engineer, New York City 


STUDY which the writer 
A made of the possibilities 

of elevator standardiza- 
tion led to the belief that the 
basis for manufacturing stand- 
ardization in any mechanical art 
is purely an engineering and func- 
tional standard. In other words, 
before manufacturing standards 
can be set up, it 1s necessary 
to agree on standards of use. 
For instance, standardization of 
elevator car sizes, assuming such 
to be advisable, should be based 
on a proper and acceptable 
method for determining the car size suitable for any 
particular service. Until this is done it is quite 
impossible to determine what the best car sizes are. 
Indeed, such a method may show that none of the 
. car sizes in common use are the best sizes. 

The same remarks hold true of any effort to stand- 
ardize duty; and until duty is so standardized, hoisting 
engine standards are quite irrelevant. 

Underlying all standards based on use, and properly 
preceding them, are standards of safety. Necessarily, 
manufacturing standards based on standards of use 
must comply with adequate safety requirements. 
Much remains to be done before proper safety rules 
can be drawn concerning several of the most important 
elevator safety devices. Before such rules can be 
promulgated it is idle to talk of structural standards. 

But, meanwhile, standards of use can be and 
Should be set up, and standards of use obviously 
depend on service standards. What are the elevators 
required to do in any given case, and how shall we 
determine in advance what service requirements 
must be met if the elevator equipment is to prove 
itself adequate’ To. furnish the answer to this ques- 
tion, for the particular case of office buildings, 1s 
the purpose of this article. 


applied where 


Service Requirements 

Since passenger elevators are to carry passengers, 
they must obviously be properly adapted therefore. 
Passenger elevators in office buildings are intended 
to carry the sort of passengers found in office 


*This article was delivered as a paper before the Elevator Manufac- 
turers’ Association at its Spring Convention, May 3-6, 1927, Washington,D.C. 


The author, who is a widely 
recognized authority on elevator 
matters, here explains his method 
of determining the elevator service 
to be furnished in modern type 
buildings. For brevity, he limits 


his discussion to a consideration 
of the requirements of office build- 
ings only, but the same general 
method of analysis can also be 


data are quite different.—EDITOR 


buildings; for, while in a short 
span of hours the same individ- 
ual may be a passenger in a hotel 
elevator, in an apartment house 
elevator, and in an office build- 
ing elevator, he behaves himself 
quite differently under each con- 
dition and correspondingly ex- 
pects different results from each 
type of elevator equipment. What 
will seem to him entirely adequate 
service in the apartment house 
will seem wholly inadequate in 
the office building. Again, the 
sort of elevator service that is sat- 
isfactory in one kind of office building will turn out to 
be entirely unsatisfactory in another type. Further- 
more, satisfactory elevator service in a given type of 
office building in one locality is unsatisfactory service 
in the same type of office building in another locality. 

The whole problem of office building elevator service 
depends on the business habits of the passengers. 
Thus, the sort of elevator service that will meet the 
requirements of an office building occupied by bankers 
and brokers and located on Federal Street in Boston 
would not be at all acceptable in an office building of 
similar occupancy on Wall Street in New York City. 
Also, it will depend on the location of the building on 
Wall Street; if between William and Broadway it is one 
thing; between Pear] and William it is something else; 
and, if the building be on 42nd St. near 5th Ave., 
again, it is different. Moreover, if the occupancy is 
different, say lawyers and other professional classes, a 
yet different elevator service will be satisfactory. 

The importance of proper elevator service is evident 
when it is realized that if the elevator service be 
unsatisfactory the building cannot.hold its tenants in 
competition with neighboring buildings where satis- 
factory elevator service is available; unless, of course, 
the owner cuts rents to the point where he can obtain 
tenants in spite of poor elevator service, or, because of 
other peculiar advantages, tenants will come never- 
theless. 

To learn the criterion of elevator service requires 
constant observation of many types and localities of 
buildings of different kinds of occupancy, tracing 
through the vears the changes in use of buildings, and 
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variations in realty conditions. Most of our cities are 
in a constant state of flux, so that realty values and 
types of occupancy may change materially within 
the amortization period of the building. Thus it often 
happens that the elevator service may be satisfactory 
initially and wholly unsatisfactory within a few 
years—or, indeed, it may equally well prove to be 
unduly extravagant. 

Sometimes it is difficult to make the owner recog- 
nize the fact that, building in a developing section, his 
elevator service must be planned for the future and 
not for the immediate present. Such is commonly the 
case in the 42nd St.-5th Ave. district in New York, 
where many buildings, erected only a few years ago, 
are hopelessly under-elevatored at the present time 
and cannot hope to compete in rentals or class of 
occupancy with recent structures in the same district. 
In such cases it is necessary to choose a proper mean 
between carrying charges on a temporarily excessive 
elevator equipment, and lowered rentals at some 
future time. 

On the other hand, the case may be just the reverse. 
Not long ago the major block of one of the largest 
buildings erected in New York City in recent years 
was deliberately under-elevatored, because it was 
known that, within a short time, not even the service 
provided would be needed. At that time, single floor 
areas with a present occupancy of over 500 persons 
will have an occupancy of not more than 25 persons. 
In this case, however, the building has single-purpose 
occupancy. The entire population is under one control 
as to arrival, lunch, and departure times. The traffic 
can be subdivided. . 

This phase of the problem calls for careful judgmen 
based on knowledge and experience in realty and 
business conditions. The determination of the sort of 
elevator service that should be provided in any 
particular case is the most important decision re- 
quired of the elevator engineer. To reach a satisfactory 
solution he must work closely with the owner and 
with the realtor or agent. He must be well postedonthe 
realty situation, past, present, and its probable future. 

Assuming that all such problems of pure judgment 
have been settled, we may tentatively set up certain 
service classifications from which to make a choice. 
The quality of the service, which determines whether 
the passenger is satisfied, is established by answering 
the two following questions: 

(1) How long on the average can the intending 
passenger be expected to wait for a car without 
getting impatient? 

(2) Having gotten the passenger in the car, how 
long can he be expected to stay in it without be- 
coming impatient? 

Of these, the answer to the first question, which 
determines the average interval, or time between cars 
in either direction of motion, is the more important, 
because “a watched pot never boils.” Having once 
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entered the car, the passenger is going somewhere. 
However, haltingly, he is in motion and is not so 
likely to feel himself in a hurry as when he is merely 
waiting for something to happen. The answer to the 
last question determines the round trip time of the 
car. These two items, once established for any given 
case, determine the number of elevators required to 
give desirable service; because, irrespective of car 
size, the number of elevators is found by dividing 
the calculated round trip time by the interval. 

When the building is occupied by one tenant the 
entire population is under control; and often the 
service with which they must be satisfied can be 
dictated. But in such cases the population is often 
much denser than when the building is occupied by a 
number of small tenants. It may work out that, even if 
the hours of arrival, lunch, and departure for different 
groups of the population can be staggered, it may be 
economical to resort to every known expedient to 
increase speed of operation so as to keep the number of 
elevators within reason, while at the same time they 
can move the heavy traffic expeditiously and without 
crowding. Here it is not a question of what the passen- 
ger thinks of the service, but how it is best, and most 
economical, to move him, considering him as the 
“standard automotive package that stacks itself in one 
tier.” Theproblem smacks of high-speed freight service. 

Based upon a large amount of statistical data, the 
following service table is suggested as fitting most 
cases of usual office building elevator service: 


TABLE I 
Service Interval Round Trip Time 
Super A ated less than 20 sec. less than 120 sec. 
First class......... 20 sec 120 sec. 
Intermediate...... 25 sec 150 sec. 
LOW ick wa cane ate 30 sec 180 sec. 
Casual ........... 35 sec 210 sec. 


Small as this range seems to be, it is nevertheless a 
fact that waiting as long as 35 seconds for a car, when 
one feels himself to be or perhaps actually is in a 
hurry, seems an eternally long time. Even 20 seconds, 
when one is truly in a hurry to catch a train or to get on 
the exchange floor with the least possible delay, is an 
exasperating period. If the maximum of the interval 
variation, and not its average, be encountered, or 
should it happen at the same time that the cars are 
crowded and two or more have to pass by, you are 
indeed out of luck. 

It is to be noted that in each class of service given in 
Table I, the round trip time divided by the interval 
is 6. The data given is therefore based on banks of 
six cars each. In busy buildings it is difficult for one 
starter to handle more than six cars during the peak 
traffic. Indeed, in some single-purpose buildings, 
where eight cars have been used in a bank and where 
the traffic peak is short and extreme, it has been found 
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necessary to put two starters on a bank during the 
few minutes of maximum traffic. 

The interval determines the maximum loading time 
available. Deducting from this the time required to 
open and close the car gate and the landing door 
leaves the net time available at the ground floor for 
passenger movement; hence the maximum number of 
passengers that can be handled, and the maximum 
car size and its working load are determined. It is of 
course not always necessary or advisable to use such 
large cars, nor to use all of the available interval time 
as loading time. Then the service has been stretched 
to the breaking point. Not over 50 per cent of the 
interval should be so used during the peak traffic. 

Evidently it is hardly to be expected that any 
particular equipment will correspond to the figures of 
Table I exactly. All sorts of combinations will work 
out in practice, such as a 32-second interval and 122 
seconds round trip time, calling for four cars in the 
bank. This would be classed as intermediate service. 
However, the classification of service ratings given in 
Table I serves as something to aim at, as well as a 
convenient basis upon which the building owner may 
fix his ideas as to whether he really wants, and 1s 
willing to pay for, the first-class service that he nearly 
always demands. It is also possible to rate existing 
equipments bv this means, and so give the owner 
and the engineer an opportunity to reach some sort of 
agreement through stop-watch readings. 

But merely settling on the quality of the service, 
important as that is, does not in any way affect the 
quantity of the service. The quantity of service 
required depends on the number of passengers to be 
carried in a given time and, therefore, on the business 
habits of the occupancy; viz., on how the tenants use 
the building; how they come to work, how they go to 
lunch, how they go home, how many visitors they 
have, or how many employees they use in doing their 
business. For this phase of the determination, the 
occupancy may be conveniently classed as follows: 


TABLE II 
Class of Occupancy Business 
A Financial 
B Industrial 
C Insurance 
D Professional 
E Trade 


This classification is in the general order of the 
service requirements. By “industrial” occupancy is 
here meant that the space is used as the business or 
executive quarters of an industrial organization. 

Next, the occupancy of the building under each 
class may be of two fundamental types: (1) diversified, 
where a number of small tenants occupy the building, 
generally no one tenant renting more than one floor; 
(2) single-purpose, where the entire building or the 
larger part of it is occupied by a single tenant. 
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There are two primary reasons for this distinction 
as to type of occupancy. With diversified occupancy, 
the arrival and departure traffic peaks for each tenant 
overlap and do not combine into a sharp peak as is 
the case with single-purpose occupancy. Unless toilets 
and other facilities provided for the tenants are 
badly arranged, there is little or no interfloor traffic 
with diversified occupancy. In cases of single-purpose 
occupancy the interfloor traffic is often considerably 
heavier than the arrival or departure traffic; not in 
number of people in the cars, but due to the greater 
frequency of stops. The lunch traffic, also, in such 
single-purpose building may be heavier than arrival or 
departure traffic. In general each class and type of 
occupancy calls for a different solution, even when 
the buildings are of the same physical dimensions. 


Traffic Conditions 

The traffic conditions for each class and type of 
occupancy determine the number of passengers that 
will use the elevators in a given time, hence the 
number of passengers in a car, the number of stops, 
and the time required for loading and unloading. All of 
these factors affect the round trip time, and hence, 
for any given number of elevators, the interval and 
the service. Or, given the traffic, it becomes possible 
to determine the number of elevators required to 
maintain a desirable service. Obviously a method of 
establishing probable traffic is of fundamental 
importance in the design of elevator plant. | 

Traffic may be classified as (1) arrival, (2) depar- 
ture, (3) transient (or visitor), (4) interfloor, and (5) 
lunch. The character of each form of traffic depends 
on the class and type of occupancy. The amount of 
traffic, given a certain total population, is successivel y 
increasing by class of occupancy as follows: trade, 
professional, industrial, financial, and insurance. In 
other words, if a given population in a given building 
be established, the number of elevators required to 
handle the trafic will increase with the class of 
population in about the order given. 

For the average diversified office building the 
arrival and departure traffic are of first importance, 
except in a few cases of financial occupancy in the 
Wall Street district in New York, where runners and 
messengers between different offices in the same 
building, and between such offices and exchanges or 
banks in other buildings, introduce what is equivalent 
to a heavy interfloor service. 

In single-purpose buildings, particularly in the 
case of financial or insurance occupancy, the interfloor 
traffic may be the determining factor. The location of 
restaurants, also, in single-purpose buildings of 
industrial, financial or insurance occupancy may 
introduce a heavy lunch traffic. Where a large number 
of women are employed, the women’s toilets and rest 
rooms, if concentrated on one floor, will introduce an 
interfloor traffic of considerable proportion. 
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These various cases can be best and most easily 
illustrated by traffic graphs. In Fig. 1 is shown the 
all-day traffic in 5-minute intervals for a busy diver- 
sified financial building, given separately for ‘‘express’’ 
and “local” banks and “total in-and-out.” This 
particular building has a heavy runner and messenger 
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traffic, practically continuous from arrival to depar- 
ture. Note that the departure peak exceeds the arrival 
peak. This excess departure is by no means a peculiar 
condition, and is more difficult than arrival to control. 
The arrival peak for one bank of a similar building is 
shown in Fig. 2, through which has been drawn the 
equivalent smooth curve. 
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Fig. 2. Characteristic Curve of Traffic Arrival in a Building of 
Diversified Occupancy to Which an Equivalent Smooth 
Curve Has Been Fitted 


In Fig. 3 are shown two arrival traffic peaks, both 
taken in the same building, but eleven years apart, 
which illustrate why this building, originally well 
elevatored, 1s now under-elevatored. 
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Typical In-and-out Traffic Curve for a Busy Financial Building with Diversified Occupancy 
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Fig. 4 shows the interfloor traffic in a single-purpose 
industrial building taken over a 15-minute period, 
and indicates how serious this traffic problem may 
become. In this case, over 20 per cent of the recorded 
population entered and left the elevators above the 
first floor during this 15-minute period. The elevators 
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stopped, on the average, at every other floor in both 
directions of motion to receive one passenger and to 
discharge one passenger. 

In Fig. 5 is shown the 15-minute arrival peak 
traffic for a single-purpose financial building, where 
the women's locker room is located on the top floor. 
All women passengers went first to this floor and then 
re-entered the elevators, causing them to stop fre- 
quently on the way down. The elevators for this 
building, being determined for the usual diversified 
building arrival traffic when few if any stops on down 
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Fig. 3. Change in Traffic Arrival in a Typical Building Over a 
Period of Years. Arrival peak traffic curves were 
taken eleven years apart 


motion will be recorded, proved hopelessly inadequate. 
To make matters worse, in this building the lunch 
room is on the 4th floor. Fig. 6 shows the peak lunch- 
hour traffic for 15 minutes. The whole elevator service 
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is “wire drawn” at the lunch room floor, resulting in 
crowding which, as usual and under any conditions, 
leads to delays and greatly curtailed service. Crowding 
of cars invariably reduces the number of passengers that 
can be carried in any given time. 
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Fig.4. Interfloor Traffic in an Industrial Building. This is typical of the 
traffic problems which single-purpose buildings present 


Only through the recording and the statistical 
study of a large number of such traffic data as shown 
in the above illustrations is it possible to draw conclu- 
sions applicable to projected buildings. There is no 
easy road to success in this field, nor is there any rough 
and ready rule that is worth the labor involved in 
memorizing it. 
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Passengers in Cars Down Passengers in Cars Up 
Fig. 5. The Arrival Peak Traffic Curve in a Financial Building. 
The locker room on the top floor places a severe burden upon 
the elevator service 
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Certain interesting deductions can be drawn from 
statistical studies of this nature, among which the 
most important is that the traffic graph has the 
nature of a probability curve, generally of the skew or 
deformed type, but quite frequently very close to the 
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Fig. 6. The Lunch-hour Peak Traffic Curve for a Financial Building 
Containing a Lunch Room, which Concentrates Elevator Traffic 
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normal form. The normal probability curve is given in 
Fig. 7. Compare it with the smooth curve drawing in 
Fig. 2 which is a slightly skew form. 

On the normal curve, there is equal probability 
that any one event concerned may or may not occur. 
This, in our elevator problem, corresponds to the 
assertion that it is equally likely that any one occu- 
pant will arrive during any one interval, and that he 
will not so arrive. If, on the other hand, we assert 
that the probability of any occupant's arrival during 
the 5-minute interval having 9 o'clock for its medial 
time is greater than the probability of his arrival 
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Fig. 7. The Normal Probability Curve. Note the similarity 
to the smooth curve in Fig. 2 
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during any other similar interval of time, the traffic 
curve will be skewed about 9 o'clock with a sharper 
maximum at that time. Thus from Fig. 2 we learn 
that, for this particular occupancy, there is on the 
average a somewhat greater probability of arrival in 
favor of 9 o’clock, though not very marked. If the 
employer installed time clocks or offered prizes for 
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promptness at 9 o'clock, the curve would be still 
more a skew about 9 o'clock and show a decidedly 
sharper maximum. Such a maximum for an insurance- 
occupancy single-purpose building 1s shown in Fig. 8. 

For many years it was the custom to base elevator 


traffic on what took place during the most crowded | 


15-minute interval. For office buildings 1t was assumed 
that 14 of the population would arrive in 15 minutes. 
This is true enough so far as 1t goes—and it only goes 
for diversified financial occupancy in New York City. 
In Fig. 2, the 15-minute peak has been marked off. 
It will be noted that even in this not extreme case the 
average of the 5-minute peak is 20 per cent above 
average of the 15-minute maximum. This 5-minute 
peak must be handled with facility and without 
serious crowding, or delays will follow resulting in a 
prolonged period of bad service while the starter is 
trying to get back to schedule. Generally it is this 
5-minute peak that should be taken into account in 
determining arrival traffic, and even more so in 
determining departure traffic. Imagine the result of 
computing elevator service based on the 15-minute 
average for a case like Fig. 8! 

Fortunately, interfloor traffic is generally free 
from sharp peaks. Lunch traffic may or may not be 
free from sudden fluctuations. In some cases, where 
not subdivided or otherwise controlled, the lunch 
traffic may be extremely skew with a very sharp peak 
when the dinner bell calls. Another factor that affects 
the peak maximum is the proximity of the building to 
horizontal transit stations and terminals. Indeed, in 
some cases such stations are incorporated in the 
building itself and during the arrival period trains 
may discharge slugs of passengers that are not dis- 
persed before they reach the elevator corridors. 
These groups, if permitted to reach the elevators 
together, may cause temporary crowding, the effect of 
which may be felt over a period of considerable length. 

A simple means of ironing out such irregularities is 
the use of revolving doors in the passageways or in 
the corridor entrances. A revolving door of 7 ft.-Gin. 
diameter will pass 50 people per minute at maximum. 
A revolving door of less diameter than this may 
seriously impede traffic due to the fact that people 
cannot walk straight through it and easily get clear of 
following panels. 

The average of the 15-minute maximum for 
arrival traffic will vary from 20 per cent to 50 per 
cent or more of the population. Generally, insurance 
occupancy is the worst in this regard. The average of 
the 5-minute peak may exceed that of the 15-minute 
maximum by any amount from 10 to 25 per cent. 
One such case is on record where, due to an ingenius 
honor system and rewards for promptness, nearly 50 
per cent of the population arrives in 5 minutes. It is 
easy to see how far off the track any general average 
may lead us, and how dangerous it is to arbitrarily 
transfer the traffic factors from one building to 
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another without a careful study of each case on its own 
merits. Rules of thumb for determining elevator 
traffic are of no value whatsoever. 

It may be helpful to set down, as in Table III, some 
typical traffic factors, although no selection should be 
made in any case without knowledge of the actual 
conditions as to class and type of population that will 
or may exist, and as to how the building will be used. 

The total population, multiplied by the factor 
chosen, gives the total number of people to be handled 
by the elevators in the time given. 

The normal arrival factor for the typical busy 
diversified building is about 0.30. The transient, or 
in-and-out visitor, traffic mav combine with the 
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interfloor traffic or the lunch service, or with both, so 
as to give a total traffic factor of about 0.30 in single- 
purpose bank buildings or about 0.20 in single-purpose 
industrial buildings. In one such building the com- 
bined lunch, transient, and interfloor traffic factor was 


TABLE IlI 


Max. 15-min. Average 5-min. Peak 


Traffic Per Cent Total Per Cent Total 
Population Population 
Arrival......... 0.25 to 0.50 0.10 to 0.20 
Departure ...... 0.30 to 0.50 0.12 to 0.25 
Transient.......... 0.04 to 0.12 
Interfloor......... 0.15 to 0.25 
PAN CH wok a.a. 0.10 to 0.25 


found to be 0.31, of which 0.12 was interfloor and 0.19 
combined lunch and transient. In this case the lunch 
room is in the building: Over half the people using 
the lunch room returned to their places of work to 
get clothing and then left the building, coming back 
at the expiration of the lunch hour. These people got 
on and off the elevators eight times. Obviously, under 
such conditions the lunch traffic may equal or exceed 
the arrival traffic in bulk and in addition cause the 
elevators to stop many more times. When people 
leave the building for lunch, they get on and off the 
cars four times, two of which movements are at the 
bottom terminal stop which is made in any case. 
Under such conditions, the lunch traffic is equivalent 
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to a heavy transient service. Note the effect of this 
lunch traffic in Fig. 1 (c). Here the combined lunch 
and already heavy transient traffic considerably 
exceeds the arrival traffic. 

Naturally the departure traffic, in bulk, is about 
the same as the arrival traffic, but the 5-minute peak 
may be higher as shown in Figs. 1 (a) and 1 (c). 


Population 

Having discussed the form of the traffic curve it is 
now necessary to give it magnitude. It is therefore 
necessary to determine the number of people that 
are to be handled within the proper limits of traffic 
distribution as established by the appropriate time- 
traffic graph. Here, for the first and only time during 
this discussion, the matter of rentable or yield area 
enters as a factor in the problem. This leads at once 
to the question of population density, or the number 
of square feet of yield or rentable area per person. 

TABLE IV 


POPULATION DENSITIES 


Special Quarters: Sq. ft. Per Person 


Bank quarters (busy)................... 50 to 60 
Insurance and corporation offices......... 70 to 80 
General offices (high grade).............. 90 to 100 
Towers and small subdivided offices........ 100 to 125 
Entire Building: 

Banks (one tenant)..................... 50 to 60 
Corporations (one tenant)............... 70 to 80 
Office buildings (high grade)............. 90 to 100 
Office buildings (low grade).............. 100 to 125 
Manufacturing buildings (clothing, novel- 

ties eleo eeann Sin iw OS AS ee eee eek es 90 to 125 
Manufacturing buildings (machine work, 

¡A 125 to 200 

Specific Cases: (Records of 1919-1920) 

Guaranty Trust (down town, one tenant).......... 45 
Guaranty Trust (up town, one tenant)........... 71 
Morgan Building (up town, one t nant).......... 50 
Equitable building................o0.ooooocooo oo. 97 
Bankers’ Trust Building (down town tenants only). 98 
Bankers' Trust Building (down town bank only)... 50 
Bankers' Trust Building (up town small tenants).... 128 
Bankers’ Trust Building (up town bank quarters)... 54 
42nd and Madison Ave. Building (mixed tenants)... 100 
101 Park Avenue (pro essional).................. 125 
Federal Reserve Bank (In Equitable)............ 60 
Telephone Buildings (main executive and engineer- ' 

ine COMCES) pact ee desk a0 ek Sek eases ia aio eras 90 


The population density in buildings varies with 
their geographical location. The data given above are 
for major cities only (New York, Chicago, Philadel- 
phia, Boston, and Pittsburgh). The population den- 
sity in any particular city varies also with the building 
location. Buildings in dense business sections, such as 
the Wall Street and 42nd Street sections in New 
York, are more densely populated than buildings of 
the same character in other sections. Proper allowance 
for the tendency of growth in population must be 
made. Thus the population in the 42nd Street district 
of New York is steadily increasing; in many buildings 
in this locality it has reached the density of the Wall 
Street district. Provisions should be made in the 
planning and framing of buildings for future elevators 
to take care of the anticipated growth of population. 
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The population density of buildings in the same 
district varies with the class of tenancy. Banking and 
insurance company quarters are the most densely 
populated. Bankers and brokers (mixed tenancy) are 
next lower in order. Large corporations occupying 
considerable areas may introduce a high density in a 
given region of any particular building, particularly 
where a large number of clerks are employed, as in 
steel and railroad corporations. This may upset the 
elevator schedule unless some flexibility in the banking 
of cars is incorporated in the layout. 

Banks of cars should be overlapped two or three 
floors. Thus, for example, Bank A, 1st to 10th floors; 
Bank B, 7th to 17th floors; Bank C, 14th to 21st floors. 
Normally the cars will operate for even population 
distribution, 1 to 10, 10 to 17, 17 to 21. The hoisting 
engine rooms would then be on the 12th, 19th and 
23rd floors, allowing one floor for run-by clearances, 
idler sheaves, etc. 

Buildings rented in large open areas are likely to 
have a denser population than buildings rented in 
smaller subdivided areas. The care used in renting 
and concentrating floors occupied by any one large 
tenant will have a marked bearing on the elevator 
service. Large buildings occupied by one tenant 
(single-purpose buildings) may require one or more 
banks of cars to be used with other banks during 
arrival and departure periods, but devoted entirely to 
interfloor traffic during the intervening periods. The 
arrangement of banks in this way to suit the distri- 
bution of population is of primary importance. It is 
largely a question of judgment. 

Since the population density is the primary data 
in giving quantitive values to traffic distribution, 
records should be obtained wherever possible as to 
the following: (1) Rentable area; (2) Class of build- 
ing; (3) Class of tenancy; (4' Population by count: 
(5) Date of count; (6) Count of people entering ele- 
vators on ground floor between 8:30 a.m. and 9:30 
a.m. in 5-m:nute intervals; (7) Maximum number 
from (5* in any 15-minute interval; (8) Ratio of (7) 
to (4'; (9) Count of all passengers getting on and off 
cars if interfloor traffic is marked, regardless of the 
direction in which they go and regardless of whether 
they get on or off. This count should be made on 
each floor, including ground floor, during the hour 
includ'ng interfloor peak, making count in 5-minute 
intervals; (10) Maximum number from (9) in any 
15-minute interval; (11) Ratio of (9) to (4). The two 
ratios, (8) and (11), are the factors determining the 
elevator equipment required. 

The total population that must be handled by the 
elevators is found by dividing the total yield or rent- 
able area by the proper density factor. Obviously, this 
assumes that all floors are populated at a uniform 
density, which may actually be far from the fact. 
However, in most cases where elevators must be 
determined in advance of actual renting or detail 
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occupancy this is the best data available; and as 
noted previously, overlapping of banks or framing for 
additional elevators should be arranged to take care of 
possible wide variations from the original estimates 
and to allow for such future changes in occupancy as 
have been discussed under the heading “Service 
Conditions.” 

It should be noted from Table IV that the popula- 
tion density varies widely with class of occupancy. It 
also varies with rents, the density increasing as rents 
increase, and varies with the congestion in the district 
where the building is located. As the congestion 
increases the population density increases. Thus it 
follows that the fundamental data for elevator calcula- 
tions, traffic characteristic and population density, are 
subject to wide variation. Therefore careful observa- 
tions, experience and good judgment are required in 
making a start at solving the elevator problem. The 
rest is merely a matter of accuracy in calculation. 

Having set up the proper traffic factors, vrz., the 
maximum 15-minute average and the 5-minute peak 
within this average for arrival, departure, interfloor, 
and lunch periods, by selecting a proper population 
density we are able to proceed to the simpler part of 
the problem. 

Let us assume as an example a building consisting 
of a main block, a set-back region, and a tower, the 
data being as follows, not including the ground floor: 


TABLE V 
Yield Area Density Popula- 
Region Sq. ft. Sq. ft. Per Person tion 
o ns. cade cee cease 350,000 80 4375 
Set DACk sce ak ats gas 120,000 90 1333 
TOWer cerre eraen bane ok 50,000 125 400 
Totals nda 520,000 6108 


Let us assume that the maximum 15-minute arrival 
factor for the block is 35 per cent of the population, 
and the 5-minute peak is 25 per cent greater than the 
15-minute average or 35X 1/3 X 1.25 = 14.6 per cent of 
the population in 5 minutes. Let the maximum 15- 
minute arrival factor for the remainder of the building 
be 25 per cent of the population and the 5-minute 
peak 15 per cent greater than the 15-minute average, 
or 25X1/3X1.15=9.6 per cent of the population in 
5 minutes. 

Therefore, in the block, 0.146 X 4375 = 638 persons 
must be taken from the ground floor in 5 minutes. 
In the other parts of the building 0.096X1733= 166 
persons must be taken from the ground floor in 5 
minutes. 

Assume that a 25-second interval is desired. Then, 
allowing four seconds for opening and closing car 
gate and landing door on the ground floor, the 
maximum loading time available is 21 seconds. Not 
over 50 per cent of this, or 10 seconds, should be 
used. In this time (see Fig. 9), 18 passengers can be 
loaded, assuming well designed entrances. Therefore a 
16-passenger car may be used. But note that, with a 
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25-second interval, 12 cars in each bank must leave 
the ground floor in five minutes. If each car carried 16 
passengers, then each bank can handle 16X12= 192 
persons in five minutes. Therefore, at least three 
banks are required in the main block and one bank in 
the set-back and tower section, each car in the latter 
bank carrying 15 passengers. 

If three banks are used in the block, these three 
banks can carry 3X192=576 passengers, which is 
less than 638, the 5-minute demand. This is nearly 
two extra passengers per car, a total of 18 passengers, 
requiring a large car if crowding is not to result. If the 
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Fig. 9. Graphs of Passenger Loading Time During Peak 
Arrival Period in an Office Building 


interval be changed to 20 seconds, and 15-passenger 
cars used, each bank will carry 225 passengers, the 
three banks 675 passengers. Thus a little leeway is 
obtained, but of course the reduction in interval will 
require either more cars in a bank or a shorter round 
trip time by 5 seconds. The latter can be obtained by 
using higher speed elevators or by reducing gate and 
door time, to be discussed more fully later. 

The next step is to calculate the round trip time 
for each bank, but that is another matter. In the case 
just considered, each bank will serve the number of 
floors for which the 5-minute demand equals the 
carrying capacity of the bank, vz., 225 passengers. 
This will show how the service is sometimes set by 
the demand rather than by any decision as to what 
class of service shall be rendered. The case also shows 
why and how banking becomes necessary. 

In considering the case further, let us assume that 
the main block has a single-purpose occupancy in 
which the interfloor traffic is 20 per cent of the 
population, moving on and off the cars above the 
ground floor in 15 minutes. That is to say that 
0.20 X 4375 =875 persons will enter and leave the cars 
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in this time. Assume an equal distribution of popula- 
tion on 14 floors above the first in the main block. 
Then 875/14 = 62.5 persons enter and leave the 
cars on each floor in this time, 31.25 getting on 
and 31.25 getting off. If the elevators are required 
to give intermediate service under such conditions, 
the interval is 30 seconds in each direction of mo- 
tion, so that in 15 minutes, on the average, 60 cars 
pass each floor both up and down. Then during each 
period between cars 31.25/60 =0.5 (nearly) passengers 
will accumulate on each floor wishing to enter the 
car and, so to speak, 0.5 passengers accumulate in 
each car wishing to get off. Therefore, one passenger 
will have accumulated while the car passes through 
two floors. It follows that, on the average, every car 
will stop at every other floor in each direction of 
motion to take one passenger on and to let one off. 
This service may well require more of the elevators 
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than the arrival traffic, particularly so if any material 
visitor, or transient traffic is superimposed on the 
interfloor traffic. 

Here might be introduced the matter of passenger 
movement time as illustrated by Figs. 9 and 10. 
Fig. 9 gives the time for loading the empty car at the 
ground floor under the starter's direction. Fig. 10 
gives the total time required to unload the passengers 
at the several stops. This is an excellent example of 
the use of statistical methods in setting up charts of 
this kind. 

An enormous number of observations were first 
made at random. The elementary statistical rules for 
consistency and association applied to these data 
proved that not all the observations belonged to- 
gether, and that evidently certain unknown factors 
governed the association of the observations in groups, 
some of which groups were but little represented. 

A new set of observations made under controlled 
conditions gave consistent results. It was found that 
car shape, entrance openings, the number of passengers 
in the car, and the number of passengers entering or 
leaving at one time were important factors in relating 
the observations into groups. 
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The data for passengers leaving the car was then 
related to the number of passengers in the car, the 
probable number of stops,“ and to the probable 
distribution of the passengers among the stops ob- 
tained from binomial expansion frequency graphs 
such as that shown for one case in Fig. 11. In this 
way the probable number of passengers remaining in 
the car at each stop was determined, from which 
the time consumed by the leaving passengers could be 
established for each such stop. The sum total is the 
time plotted in Fig. 10 for the conditions as to car 
shape, size, and entrance openings given. 


Relation of Elevator Arrangement ro Building Plan 
Obviously the elevators should be easily accessible 
from entrances. It is decidedly preferable that, on 
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the ground floor, the elevators in each bank should 
face on blind wing corridors (Fig. 12) leading directly 
off the main corridor, so that traffic to other banks or 
to other parts of the ground floor does not pass in 
front of them. This permits the narrowest possible 
wing corridors and saves space on the upper floors. In 
order that the cars in each bank be as close together as 
possible for easy access to any one of them, they 
should be divided in two equal groups, one group on 
each side of the wing corridor. The ideal plan, so 
far as access to elevators only is concerned, is shown 
in Fig. 13. This arrangement is rarely attainable as it 
will generally interfere with the building plan. At any 
rate, to secure the best possible traffic entrance, all 
banks should be close together and not scattered 
about the building. 

It is a serious mistake to string out the elevators in 
busy buildings into a long line, particularly if they 
face on main corridors. This layout is confusing, inter- 
feres with passenger traffic movement in the corridors, 
and makes proper control of operation by the starter 


(1)'""The Probable Number of Stops Made by An Elevator,” by Bassett 

Jones, GENERAL ELECTRIC REVIEW, Vol. XXVI, No. 8, de ust, 1923, p. 583. 

‘Note on the Probable Number of Stops ‘Made b n Elevator." by 

PeT Jones, GENERAL ELECTRIC REVIEW, Vol. XXIX, No. 6, June, 
p 
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very difficult. Furthermore, in set-back and tower 
type buildings built under the zoning laws it is 
commonly necessary to group the elevator banks 
close together and to make the whole layout as 
compact as possible so that the hoistways are con- 
fined within a central core properly related to the 
set-back floors and tower. 

The following data are important in checking up 
corridor widths: 

TABLE VI 
WING CORRIDORS 


No. Cars in Bank Min. Clear Corridor Width 


4 ft.-0 17. 
6 10 ft.-0 in. 
8 12 ft.-0 in. 
10 14 ft.-0 in. 


It is evident that if the number of elevators in a 
bank be greater than 6, considerable space is sacrificed 
to corridors on the upper floors. 

For the planning of main corridors the following 
data should be used: Allow an aisle 4 ft.-0 in. wide for 
every 50 persons passing per minute. Allow additional 
2 ft.-0 in. clearance in front of walls, pilasters, or on 
each side of free standing columns in the traffic lane. 
Allow 4 ft.-0 in. clear standing room in front of shops 
or booths facing on the corridor, or in front of any 
elevators facing on the corridor. 

Thus, in the case above, the total number of people 
coming to the elevators in 5 minutes is 638 + 136 = 774. 
This requires three 4-ft. aisles for. 50 persons per 
aisle per minute. Adding a 4-ft. clearance for walls or 
pilasters, the total is 16 ft.-0 in. clear, not allowing for 
shops or free-standing columns, if any. The street 
entrance to this corridor will require three 7 ft.-6 in. 
diameter revolving doors to curb this traffic. Two such 
doors will cut the traffic to 100 persons per minute or 
to 500 persons in 5 minutes. The surplus will have to 
wait their turns on the sidewalk. 

If the corridor has two entrances, a large majority 
of people will enter by the most convenient entrance, 
irrespective of any restrictions at this point, and 
irrespective of whether crowding results. These items 
are of importance in permitting easy and unrestricted 
movement of passengers to and from cars and to pre- 
vent congestion in the corridors, particularly near the 
elevators. The use of blind wing corridors provides 


space for waiting passengers clear of any through traffic. ` 


Landing Openings and Car Shape 

Having the passengers in the corridors, it is next of 
importance to provide for easy entrance to and exit 
from the cars. Failure to take such precautions may 
materially slow up passenger movement and result in 
slow service by increasing the round trip time. 

Obviously the landing openings at the ground floor 
slpuld be as wide as possible, so that during the peak 
two or more passengers, herded by the starter, may 
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enter or leave abreast, and so that all passengers may 
enter or leave the car quickly. The advantage in the 
use of wide landing openings on the upper floors is 
not so obvious. This is because, during departure 
time, a slug of waiting passengers may try to enter a 
car two or more abreast, overcrowding the car and 
making it impossible for the operator to close the 
doors and gate and start on his way. There is no 
starter to control the situation, and serious delay often 
results. In such cases narrow landing openings compel 
the entrance of passengers in single file and give the 
operator opportunity to control the flow. In general 
the landing door openings on upper floors should not 
exceed 3 ft.-0 in. or 3 ft.-6 in. clear width, unless 
some peculiarity of the traffic requires that they be 
otherwise. | 

As to the cars themselves, it is evident that width is 
more important than depth. It is not too much to say 


Fig. 12. A Desirable Arrangement of Elevators Utilizing 
Blind Wing Corridors to Maintain Good Traffic 
Conditions 


that six inches in width is as good or better than 
one foot in depth. Where the cars are narrow and 
deep the passenger movement time is invariably 
much increased, resulting in slow service. Such a car 
has been known to stand over a minute at a landing to 
discharge and re-admit a number of passengers so 
that a single passenger could move from the back 
of the car to the landing. Otherwise satisfactory 
elevator equipments have proved inadequate from 
this cause alone. Obviously it is a serious mistake to. 
install expensive and high-speed elevator equipment, 
only to lose all its advantages by restricting passenger 
movement. This defect is so common that its result 
cannot be overemphasized. The use of improperly 
proportioned cars and overcrowding of cars are the 
two most frequent factors in decreasing the carrying 
capacity of elevator equipments. 


Gates and Landing Doors 

Many an elevator plant has been spoiled by using 
cheap and flimsy landing door equipment and car 
gates which frequently get out of order. The doors are 
badly set, the hangers are too light, the hardware is 
poor in design and construction, and the gates are 
easily bent under pressure. It is surprising indeed 
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that the design and manufacture of these devices, the 
proper functioning of which is so integral a part of 
good elevator operation, has, thus far, apparently 
failed to keep pace with the development of other 
features involved in the elevator problem. 

The operating, supporting, and guiding mechanism 
of both door and gate should be as free from friction 
as possible and so connected as to require a minimum 
of effort on the part of the operator; else he soon gets 
muscle-weary and slows up considerably the speed of 
opening and closing. Doors and gates should be as 
light as possible with the necessary rigidity. Heavy 
ornamental doors and glass doors should be avoided 
on this count alone. Both car gate and landing door 
should be cushioned at the end of both motions to 
prevent destructive slamming and impact, and it is 
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Position Alone. Such an arrangement must nearly always be 
modified to fit the building plan 


preferable that hydraulic cushions should be used. 
The initial pull required to open the door should not 
exceed 8 lb., without self-closers, and 16 lb. when 
-self-closers are used. 

The time required to operate both doors and gates 
is an element in the round trip time of the elevator 
and therefore has an effect on the service. If the stops 
are frequent, as on interfloor service, the total gate 
and door time may be a considerable item. The 
combined time required to open and close both car 
gate and landing doors at each landing runs about as 


follows: 
TABLE VI 


Operation Time 
Mamual aaa aaa aaan aa. 5 sec. 
Self-closersS................. 4 sec. 
Power (usual).............. 3 sec. 
Power (high-speed) ....... 21% sec. 


E  _——_z 


In high-speed power operation it is assumed that 
both gate and door are operated simultaneously, 
opening in 1.0 sec. and closing in 1.25 sec. Evidently 
much time may be saved in this way and may be 
worth the added investment required. 
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Solid landing doors are preferable to open-work 
doors or doors with glass panels, for the reason that 
the waiting passenger does not see cars pass his 
landing when such by-passing may be quite legitimate. 
Also the operator pays attention to his job of running 
the elevator, and does not play favorites or stop 
without signals merely because he sees someone on 
the landing whom he thinks may want to enter the 
elevator. It has been found that changing from glass 
paneled doors to solid doors in a number of single- 
purpose buildings in New Y ork has bettered the service 
somewhat more than 10 per cent. 

The problem of the landing door and its equipment 
is important. It has been successfully advocated 
that doors, frames, header, and sill, together with 
all operating equipment, be included in the elevator 
contract, or at least designed, selected, and installed 
under the elevator manufacturer’s supervision, and 
set by templet from the elevator rails. As to types of 
doors, the one-way door seems to be much in favor 
because it is easier to operate than the center-opening 
door, requires a simpler rigging, and, when made two- 
speed, is free from racks or other motion reversing 
devices. The center opening or bi-parting door 
requires a clumsy rigging unless it is power-operated. 

Landing door interlocks and car gate switches 
constitute another bothersome item. Here again, 
much improvement in design is necessary, and many 
existing devices are used to the detriment of elevator 
service in general. Yet such devices are well-nigh 
essential. Over 90 per cent of all recorded accidents to 
passengers in New York State during 1926 were 
landing door accidents due to failure of the doors to 
operate properly, either because of definite defects or 
because of carelessness. Of these accidents, about 60 
per cent were assigned to carelessness on the part 
of operators. This large percentage of door accidents 
does not mean that accidents in total are increasing. 
Actually they are decreasing. It indicates that, as the 
elevators themselves become safer, fewer accidents 
occur because of elevator apparatus failures, and the 
burden of accidents is thrown on the landing doors, 
wherelittleorno proper safety precautionmay be taken. 

It is true that landing door interlocks and car gate 
switches slow up the service, but this is a necessary 
penalty that must be paid for reasonable safety. 
The difficulty is that many of the devices now used 
easily get out of order, and thus constitute a worse 
hazard than their total absence. Landing doors 
should never be locked tight closed. There should 
be an inch or more free motion in the lock so that if a 
passenger's clothes be caught, they will easily pull 
out and not be torn off nor the passenger injured. 
However, the door should be so equipped, or so set, 
that it will tend to keep itself closed. Car gate switches 
should be installed above the roof of the car or under 
the platform where there is less likelihood of tamper- 
ing with them. 
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Signals 

For some reason or other the development of 
elevator signals stood still for many years. Only 
recently has anything new in the art been developed, 
and then only because it was shown that the old 
so-called waiting passenger system was the cause of 
much delay in service and, in fact, is so unreliable 
that the waiting passenger commonly pays little or no 
attention to it. He very often waits for the operator 
to tell him whether he actually has stopped and which 
way the car 1s going—all of which slows down the 
service. 

The reason for this difficulty is that, with the short 
interval used in high-grade office building service, it is 
very probable that more than one car will get the 
flash from any floor button pushed. Indeed, with the 
usual zone of 2)% floors it can be easily shown that 
such probability may reach over 75 per cent in ordi- 
nary operations. It results that the operator does not 
know whether the flash means anything, and the 
waiting passenger does not know whether a lighted 
lantern means that the car will stop. Sometimes two 
or even more cars stop, sometimes none. The number 
of false stops is thereby unduly increased and, 
correspondingly, the round trip time, also. To avoid 
these troubles, by-passes are put in the car and 
automatic transfers and selective features were 
developed. But none of these go to the heart of the 
problem. What is needed is a positive signal system 
in which the landing lantern lights only when, and 
because, a car is going to stop at the landing, irre- 
spective of whether the landing button has been 
pushed; and in which all operators’ flashlights except 
the one in the car that actually is going to make the 
stop are automatically extinguished when that car 
begins to stop. Then, if the operator’s flash is extin- 
guished he knows that some other car is going to make 
the stop; and the waiting passenger knows that when 
a landing lantern lights, that car, and none other, is 
actually stopping at the landing. Furthermore, if 
for any reason the operator runs his car by the landing 
he does not light the landing lantern, but he extin- 
guishes his own flash without extinguishing the 
operator's flashes in any other succeeding car. 

A word should be said as to landing lanterns. 
It 1s suggested that they should look like signals and 
not like wall brackets. Projecting bull’s-eyes are 
preferable, one for up and one for down signals, 
lighted with 50-watt wall-type lamps so that they are 
really bright in competition with the surrounding 
illuminated surfaces; and a distinctive color, red for 
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down, green for up, would provide a color contrast to 
reinforce the brightness contrast. The waiting pas- 
senger should be aware of the signal even if his back 
be toward it. 

These remarks are also true of directional signs as a 
means of speeding up passenger movement. Flashing 
signs and even landing lanterns have distinct advan- 
tages in attracting the passenger’s attention. It is 
quite beside the mark to install expensive high-speed 
elevator equipment if corresponding means are not 
taken to urge passengers to move quickly to and from 
the cars. Teach the passenger that the elevators will 
not wait for him any more than a railroad train will 
wait if he happens to be late; and make him realize 
that the signals and signs mean something. 

In large and important buildings where maintenance 
of schedule is necessary, position and motion indica- 
tors to guide the starter in controlling the operation 
of the elevators should be provided, together with 
what is of equal importance, a tell-tale annunciator 
to inform him how the operators are answering land- 
ing signals. The starter should also be provided with 
by-pass switches so that he can cut out floor signals 
from any delayed car and get it back to its place in the 
schedule. 

In extremely tall buildings where, for the sake of 
reducing the number of hoistways, super-speed 
elevators are used, the high speed of the few cars gives 
every chance for them to get out of place and bunched, 
unless the starter has direct control over them and is 
always informed as to their relative position. Here, in 
addition to the devices that have been enumerated, 
telephones between the starter and the operators are 
almost essential. 

In very busy buildings, it 1s often impossible for 
the starter to handle the passengers on the ground 
floor and at the same time supervise the elevator 
operation. In such cases the position and motion 
indicators, tell-tale annunciators, by-passes, and 
phones for each bank are often placed under the 
supervision of a dispatcher whose sole duty is to 
maintain service. Where there are a number of banks 
the despatcher may be helped by the use of scheduling 
devices which automatically hold the proper round- 
trip time and interval for each bank, give starting 
signals, notify the operator when he is behind time,and 
at the same time automatically by-pass floor signals. 

In such buildings the operation of elevators 
approaches a railroad dispatching problem. Service 
is all-important; and the best control of service is an 
adequate signal and supervising equipment. 
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Molded Insulation 


Functions of Component Materials—Predominant Characteristics—Processes of Molding—Relative 
Advantages—Manufacturing Problems—Properties, Testing, and Design 


By LAWRENCE E. BARRINGER 
Engineer of Insulations, General Electric Company 


OLDED insulation is one 
M of the major groups of 

materials used for elec- 
trical insulation. 

This group is differentiated by 
the process of production in 
which the raw materials are 
invariably given the desired .fin- 
ished form by a molding opera- 
tion, usually in steel molds closed 
by mechanical compression. The 
insulating materials of the other 
groups are sometimes molded, as 
dry process porcelain or mica 
cones for commutators, but mold- 
- ing in these instances does not 
constitute the sole or chief method of fabrication for 
the group. Porcelain, for instance, may be jiggered, 
turned, squirted, or cast; and mica insulation in the 
form of tapes and sheets may be pasted. Molded 
insulation comprises that form made only with metal 
molds but, even so, embraces a great variety of mate- 
rials, shapes, sizes, and applications. 

There are natural advantages in producing insulat- 
ing parts by this method. Intricate designs may be 
quickly and cheaply produced, designs which would 
be costly indeed were they machined from the same 
material in block or rod form. Accuracy of dimension 
to the smallest fraction of an inch is procurable, 
permitting close fitting with metal parts to form 
complete pieces of apparatus. Some of the metal 
parts themselves may, if desired, be embedded in the 
material during the molding operation, thus facilitat- 
ing later assembly operations or securing greater 
rigidity and compactness of design than would be 
possible by the fitting of the metal parts in place later. 
Duplication of design in quantity production is 
facilitated by the use of hardened steel molds which 
often produce hundreds of thousands of pieces before 
wear necessitates their replacement. The use of a 
highly polished mold also produces a smooth, highly 
lustrous, beautiful appearance to be obtained other- 
wise only by an expensive hand-polishing operation. 
Embellishment of the surface by embossing or grilling, 
the use of indicating numbers or arrows, and other 
permanent surface treatment are commercially feasible 
in molded insulation. 

These and other advantages have given molded 
insulation its important place among the major 
groups of electrical insulating materials. 


Molding is the ideal means of 
manufacturing insulating parts 
of varied and often complicated 
design at a relatively low cost for 
quantity production. Adherence 
to required dimensions 1s also 


economically secured in this way. 
Mr. Barringer outlines certain 
considerations governing the 
choice of materials and the factors 
an design which have an impcr- 
tant bearing upon manufacture 
and cost.—EDITOR 


Not all of the advantages enu- 
merated are available in all forms 
of molded insulation but must be 
considered only as class properties. 


CLASSIFICATION OF RAW 
MATERIALS 

There are two general groups of 
raw materials used: binders and 
fillers. The binders correspond to 
the vehicles in paint-making or 
the plastic components of ceramic 
compositions. In other words, the 
binders are the materials upon 
which the workability of the mass 
and the coherence of its particles 
both depend. Binders render the molding mixture 
plastic or moldable, this plasticity being secured either 
by heat or by a pasty consistency such as to provide 
the proper flow under pressure. The molding behavior 
of the mixtures is determined almost entirely by the 
binder. The mechanical strength, chemical stability, 
and insulation value of the finished moldings are also 
largely determined by the nature of the binder used. 

It is therefore evident that the binders are of far 
more importance in the composition of molded 
materials than the other materials which are classed 
as fillers. 

Fillers, or the second group of raw materials 
employed, correspond to the pigments in paint- 
making or the non-plastics in ceramic compositions. 
They are generally inert, finely divided materials 
used principally to decrease shrinkage (and consequent 
cracking or variation in dimension), to increase the 
mechanical strength and toughness, and to lower 
the cost. 

Without fillers, such binding materials as resins, 
gums, or asphalts, when heated to fusion, pressed into 
irregular shapes, and then cooled, would undergo 
shrinkage with resulting cavities, craters or depres- 
sions, or would retain internal strains, as in the glaze 
upon a wall tile, and be subject to checking or cracking 
under mechanical strain. Furthermore, binders alone 
would often prove excessively expensive. Lastly, 
binders used alone tend to stick to the molding devices 
and render difficult the securing of perfect pieces. 
The fillers, then, reduce or eliminate the shrinkage 
and internal strains, lower the cost, and give greater 
cohesion to the molded material to offset tendencies of 
adhesion to the mold surfaces. 
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Certain fillers are used in preference to others to 
provide still greater mechanical strength, higher insu- 
lation value, greater heat resistance, specific colors, 
less wear and tear on molds, and for other purposes. 


Binders 

The binders most largely employed are synthetic 
resins, natural resins and gums, asphalts, pitches, dry- 
ing oils, rubber, and silicate cements or compounds 
(water-glass, Portland cement, calcium silicate, etc.). 

There are many other binders used in the field of 
molded goods as a whole, such as celluloid, casein 
and blood albumen, but these have not proved of 
value for electrical insulation due to some inherent 
weakness such as low heat resistance or suscepti- 
bility to attack by water or moisture. For molded 
electrical insulation the types of binders mentioned 
in the preceding paragraph are therefore most largely 
if not exclusively employed, either singly or in com- 
bination. 

The binders act to cement together the particles 
of the mass either by their fusion and consequent 
welding, or by chemical reaction which permanently 
hardens and bonds them. l 

An example of the former type of binder is shellac, 
extensively used for many years for wiring device 
parts such as snap switch keys, push buttons, socket 
rings, etc. Shellac compositions are softened upon a 
hot plate just prior to molding and while the particles 
of shellac are still fused the mass is placed in a mold, 
compressed to the desired form, thus sticking the 
particles of shellac together and to the filler grains, 
then chilled while under compression (usually by 
cooling the mold with water circulated about it), 
and the “‘molding’’ removed with the mass strongly 
cemented together by the shellac binder. It is obvious 
that since no fundamental chemical change has taken 
place such a material would be softened again by 
practically the same temperature at which it was 
originally fused, which in the case of shellac is about 
70 deg. C. 

Various natural gums and resins used less exten- 
sively than shellac act similarly (copal, Kauri, 
Dammar, ordinary rosin, etc.) and such binders 
produce molded insulation which may be quite 
satisfactory where heat resistance is relatively 
unimportant. 

From such fusible binders are obtained moldings of 
pleasing appearance, fairly high mechanical strength, 
high insulation value, and imperviousness. 

Similarly to the natural gums and resins, asphaltic 
substances are often used by heating the molding 
mixtures until the particles of asphalt or pitch are 
melted, compressing the mass while hot, and chilling 
while under compression. With these materials, a 
slight increase in the softening point is sometimes 
obtained due to distillation of volatile portions of the 
asphalt or pitch during mixing, molding, or subsequent 
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curing treatment. As a rule, however, such composi- 
tions are not heat-resistant above 100 deg. C. The 
outstanding advantage is that of low cost. 

Asphaltic binders are often employed in conjunction 
with drying oils, the composition being molded at 
room temperature and the pieces subsequently cured 
or baked in an oven at comparatively high tempera- 
ture to bring about certain chemical reactions or 
changes which considerably improve the heat resist- 
ance and other properties of the material. 

Of the synthetic resins, those of the phenolic group 
(typified by Bakelite, which was the phenolic resin 
first used with commercial success) have been the 
most important so far and are used for a great variety 
of purposes. With such binders the cementing action 
is due both to fusion and chemical change, but more 
largely to the latter. Molding compositions containing 
phenolic resin as the binder are usually heated in 
molds heated by steam or electric current (or occasion- 
ally upon a hot plate before introducing into the 
heated molds). While the mass is soft, due to the 
fusion of the resin particles, it 1s compressed and the 
pressure maintained until certain chemical reactions 
take place which completely change the nature of the 
resinous binder. These reactions (the polymerization 
of the resin) change the resin from a fusible and soluble 
to an infusible and insoluble form. 

Synthetic resins of a type or group quite different 
in properties from the phenolic resins are finding a 
place as binders in the field of molded insulation. 
These are the glvceride resins or resins formed from 
glycerine and polybasic acids such as phthalic anhy- 
dride. For convenience, resins of this type have been 
termed ‘‘Glyptal’’ and their superiority for such work 
as mica pasting has been indicated in a previous 
article. While as yet not used extensively, largely 
because of the longer molding time required to 
convert the resin to the insoluble and infusible form, 
Glyptal resins offer certain advantages over phenolic 
resins, as, for instance, greater resistance to arcing or 
carbonization, greater mechanical toughness, and 
freedom from odor. Glyptal resins thus far have been 
used in this country only in connection with inorganic 
fillers, as mica, asbestos, talc, etc., but may also be 
used with organic fillers as is being done on a small 
scale where cotton fiber and Glyptal are molded 
together for designs requiring both mechanical 
strength and a certain degree of flexibility. 

Probably the latest and most unique binder 
employed in producing molded articles is lead 
borate. This is being used in conjunction with ground 
mica to form the insulation manufactured under the 
name Mvycalex. The mixture of lead borate and mica 
is heated to the softening point of the lead borate 
(approximately 675 deg. C.) and the mass compressed 
while thus rendered plastic by heat. The moldings are 


("A Revolutionary Development in Mica Insulation,” by L. E. Bar- 
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MOLDED INSULATION 


cooled under compression and removed when the 
lead borate binder has solidified and firmly cemented 
the mass together. The process is very much like that 
employed with resins, gums, and asphalts at the 
lower temperatures required for rendering these 


materials plastic. During the process of molding. 


Mycalex, the fused lead borate combines with 
enough mica to form a lead boro-silicate, thus provid- 
ing a greater degree of insolubility and higher softening 
point than possessed by the original binder. Such 
material is highly heat-resistant, as compared to 
molded materials made with organic binders, and is 
also particularly desirable when high mechanical 
strength and low power losses under high frequency 
(as in radio equipment) are of first importance. 

Rubber of course still retains its exclusive position 
as a binder for molded, flexible articles, as soft rubber 
bushings, gaskets, diaphragms, etc. In rigid moldings, 
however, for which hard rubber was at one time 
extensively used, synthetic resins have largely 
replaced rubber because of readier moldability, better 
final surface finish given in the molding operation, 
greater permanence of insulation value and mechanical 
strength, and freedom from sulphur which in hard 
rubber moldings often leads to the corrosion of 
delicate metal parts, as in meters. 

Many combinations of drying oils and pitches are 
used as binding materials, most frequently by intro- 
ducing the oils and pitches as liquids or varnishes and 
thus securing plasticity through a pasty consistency 
of the mixture. The parts are molded at room tem- 
perature while moist or plastic and the moldings then 
subjected to an oven-curing or heat treatment to 
expel the solvents used in making the varnish binder 
and to polymerize the drying oil to bring about other 
chemical changes to convert the binder into a hard, 
strong, permanent form. A binder of this type devised 
by the author and used commercially for many 
years) depends for its effective bonding strength 
upon the simultaneous reactions of lime and sulphur 
upon linseed oil or a double reaction of saponification 
and vulcanization. In the important group of insula- 
tions at present employed for wiring device parts, 
pitches (principally coal tar pitch) are incorporated 
to give a better color and more finished appearance 
than can be secured with oil binders alone. 

Inorganic binders are used almost solely for the 
purpose of securing maximum heat resistance. At one 
time water-glass in conjunction with asbestos was 
used extensively in the making of arc shields or 
deflectors for controllers, arc-chute sides for contac- 
tors, and other railway equipment devices. However, 
in this country, water-glass as a binder has been 
largely superseded by other materials. It is difficult 
to handle and the compounds made from it lack 
uniformity and permanence of properties. Of the 
replacing or improved binders of this class, that which 
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has given the best results is a hydrous calcium 
silicate binder.“ In this composition slaked lime, 
flint, and asbestos are mixed and the composition 
molded to the desired form. The pressed pieces are 
subjected to high-pressure steam to convert the lime 
and flint into a hydrous calcium silicate which firmly 
bonds the asbestos fibers or filler into a hard, strong, 
stonelike mass. 

Thus binders may be organic or inorganic, and may 
operate by fusion and solidification or by chemical 
change either during molding or under the influence 
of a subsequent curing or baking operation. 


Fillers 

Since the fillers usually play no part in the hardening 
action or chemical reactions of the binders and are, 
as the name indicates, simply diluents, practically 
any finely divided and chemically stable material, 
organic or inorganic, may be used. 

Certain fillers are ordinarily employed, however, 
because of commercial availability, comparatively 
low cost, and because of certain advantages over 
other fillers. Such are wood flour, cotton flock, silex, 
mica, asbestos and slate and marble flour. 

Wood flour or wood pulp is probably the most 
extensively used of all the fillers, especially in con- 
junction with both natural and synthetic resins and 
gums. The porous wood fibers are not only coated 
with the melted binder during preheating and molding 
but absorb a certain amount in the pores, thus 
increasing the cling of the binder and filler, and 
consequently the mechanical strength. Furthermore, 
the softness and evenness of wood flour fibers facili- 
tate the production of a smooth, polished surface 
under the pressure of the smooth steel sides of the 
mold. Lastly, wood flour is soft and does not cause 
undue wear or abrasion of the molds as do many of 
the mineral fillers. The disadvantages of wood flour 
are the difficulty of keeping it of uniform dryness 
(so as to obtain uniformly high dielectric strength) 
and its lower degree of heat resistance as compared 
to mineral fillers. For the latter reason, wood flour is 
never used with inorganic binders of the silicate type 
to provide highly heat- and arc-resistant moldings. 

Asbestos fiber as a filler provides maximum heat 
resistance and a fair degree of mechanical strength 
but, as its fibers nearly always contain a certain 
amount of metallic iron, the dielectric strength of 
moldings with asbestos is not as high as with other 
fillers. It is also very difficult to secure a satisfactory 
surface finish with asbestos because of the white 
unfilled fibers lying flat at the molding surface and 
causing a blotchy appearance. 

Powdered or ground mica is used where both heat 
resistance and high dielectric strength are required 
and especially for molded parts for high-frequency 
apparatus, since the lowest power losses are secured 


(3) ‘*Hydrous Silicates Formed Under Steam Pressure,” by L. E. Bar- 
ringer, Transactions, American Ceramic Society, 1913, p. 125. 
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from compositions in which mica is employed as the 
filler, as for instance in Mycalex, previously men- 
tioned. 

Many other fillers may be used, but the foregoing 
are most common and illustrate the necessity of the 
choice depending upon the properties required. 


CLASSIFICATION OF MOLDED INSULATION 


In general, molded insulation is produced by either 
of two methods, viz., hot molding and cold molding. 
For convenience these terms are used in discussing the 
methods of production and the properties of the 
various materials comprising the entire group. 


Hot-molded Insulation 

This type of insulation is that in which the molding 
mixture is rendered plastic by heat, either before or 
after placing in the mold, and then compressed to the 
desired form while still in this plastic condition, after 
which the mold is cooled while still under compression 
to harden or set the material so that the pieces mav 
be removed. 

The binders employed in hot-molded insulation are 
essentially organic materials as shellac, copal, resin, 
phenolic and other synthetic resins, asphalts, pitches, 
etc. Such materials produce insulation which 1s 
water-proof , mechanically strong, of good appearance 
but not highly heat-resisting because of the organic 
base. Various fillers may be used, as wood flour for 
fine appearance and light weight, mica for high 
insulation resistance and dielectric strength, asbestos 
for maximum heat resistance, and cotton flock for 
mechanical toughness. 

As might be expected by bonding under pressure 
and cooling the pieces while still under compression. 
the inherent advantages in hot-molded insulation are: 


(a) Accuracy of dimension, the pieces conform- 
ing precisely to the mold dimensions. 

(b) High mechanical strength. 

(c) High dielectric strength. 

(d) Superior finish. 

(e) Less abrasive action on molds because of 
softer fillers. 


The disadvantages of this form of molded material 
are: 

(a) Susceptibility to melting or carbonizing at 

high temperatures or arcing conditions be- 
cause of the organic binders. 
High cost both of materials and labor of 
molding. The time required for molding also 
necessitates greater and more expensive mold 
equipment for a given output. 


(b) 


All hot-molded insulation is non-porous or impervi- 
ous to penetration by water. 


Cold-molded Insulation 
This type of insulation is that in which the molding 
mixtures are compressed while at normal or room 
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temperature, plasticity for molding being secured by 
dampening the mass with water, or some organic 
solvent for the binder, or by using some vegetable oil. 
After compressing to form, the molded pieces are 
removed and hardened by subsequent heat or steam 
treatment. This treatment produces some chemical 
reaction which converts the mass into a hard stonelike 
product, as the formation of hydrous calcium silicate 
or a reaction between sulphur, vegetable oils and 
saponifiers, or simply by the oxidation of drying oils 
and pitches. 

In using cold-molded 
advantages are obtained: 


insulation the following 


(a) Resistance to high temperatures, because of 
the use of inorganic ingredients. 


onè SAraAawuoO 
@9 © m oD wD D 
2000901 Be 
"H" cA ru Es T 


Fig. 1. 


Typical Designs of Insulating Parts Made by the 
Cold-molding Process 


(b) Low costs for both equipment and moldings. 
because the molds and presses do not require 
heatingand the molded pieces may beremoved 
immediately after formation. Also, fewer 
molds are required for a given output. 


The comparative disadvantages are as follows: 


(a) Low mechanical strength. 

(b) Low dielectric strength. 

(c) Inferior finish. 

(d) Greater abrasive action on molds. 


Some forms of cold-molded insulation are imper- 
vious to water whereas others are not. The porous 
forms are sometimes treated with waterproofing 
compounds to provide an impervious structure. 


PROCESS OF PRODUCTION 
It is not within the scope of this article to describe 
the several mixing processes and various devices or 
equipment used for compounding molding composi- 
tions or the types of molds and presses most suitable 
for each type of molded material. It is desirable. 
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however, to point out briefly the influence of every 
step of the manufacturing processes upon the quality 
of the finished product, the difficulties of always 
maintaining a high degree of uniformity, and the 
necessity for the strictest adherence to details of 
production and for rigid inspection and tests to insure 
reliability of molded insulation over a range of many 
pieces and long periods of time. The same material 
must not be good at one time and poor at another. 
Raw materials should of course be carefully inspected 
and tested and unsatisfactory batches discarded. 

Some materials must be given individual treatment 
before incorporation with other ingredients; and here 
is the first possible cause of non-uniformity in the 
properties of the finished product, and need for 
unrelaxing vigilance. 

Moisture in wood flour has a pronounced effect 
upon the dielectric strength of finished moldings in 
which it is employed. Even though used most exten- 
sively in hot-molded insulation, the heat of plasticizing 
plates, molds, and presses does not remove this 
moisture from wood flour and it becomes locked up 
in the molding to cause subnormal dielectric strength 
and insulation resistance. | 

Usually, therefore, wood flour is dried before 
incorporation with other ingredients or just after 
mixing with powdered resins; but to remove the 
moisture is not sufficient, as a large proportion of it 
will be re-absorbed if the wood flour or the mixture 
is allowed to stand in open containers exposing the 
material to the surrounding atmosphere with its 
varying humiditv. After drying wood flour or wood- 
flour mixtures, the stock should be kept dry either 
by storing in tightly sealed containers or in heated 
storage ovens. Otherwise the dielectric strength of 
moldings made from it may be of one value today 
and another a week later. 
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Fig. 2. Typical Designs of Insulating Parts Made by the 


Hot-molding Process 


In using short-fiber asbestos it is necessary to sift 
out the fine dust. Usually a 20-mesh sieve will 
suffice. Much of the iron in asbestos fiber is in this 
dust and is thus removed. Failure to carefully and 
always clean asbestos fiber in this way means lowering 
the insulation value of the finished product. 
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Likewise, powdered or ground mica frequently 
contains substantial amounts of metallic iron and 
should be passed over a magnetic separator before 
incorporating in molding mixtures. 

All binders should be of a uniform degree of 
fusibility. Sometimes even synthetic resins have 
apparently been overheated in their preparation and 
the fusibility increased to such a point that proper 
welding of the grains during molding is impossible. 


‘ 


All fillers should be of a uniform degree of fineness, 
since the usual mixing operations are simply stirring 
or kneading methods which do not effect a further 
reduction of the grain size. 

When the molding operations are undertaken, 
uniformity from piece to piece depends not only upon 
the accuracy of the proportions of ingredients (from 
the amount of resin binder in hot-molded materials 
to the amount of plasticizing water in cold-molded 
insulation of the silicate type) but also upon the 
conditions of temperature, pressure, and time period 
of molding. Every press used for hot-molding work 
where the strictest uniformity is desired should be 
equipped with an indicating device to signal by sound 
or light the elapse of the proper time to the operator, 
and at proper places in batteries or sets of hydraulic 
presses there should be steam gauges (if steam is used 
for heating) or thermometers (if electric heating is 
used) so that the constancy of temperature can be 
checked and adjustments made as necessary. 

These are some of the manufacturing problems 
met in furnishing the designers of electrical apparatus 
with molded materials of dependable uniformity. 
The designing engineer, however, has the problem of 
adhering to designs which offer the fewest difficulties 
to the manufacturer of molded insulation. Reference 
to this will be made later. 
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Fig. 3. Typical Designs of Molded Parts Made of Mycalex 


GENERAL PROPERTIES 


As a class, molded insulating materials lack flexi- 
bility or elasticity, with the single exception of soft 
rubber moldings. They are rigid and inherently 
brittle materials as compared with metals and con- 
sequently should not be expected to withstand 
extremely severe impact or vibration shocks. Design- 
ers should therefore protect these materials insofar 
as possible, in laying out the arrangement of apparatus 
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parts. On the other hand, molded materials possess 
a greater degree of toughness than some of the other 
groups of insulating materials, notably glass and 
porcelain. 

Molded materials have only a fraction of the 
strength of metals when under steadily applied 
compressive, tensile, or shearing strain but are 
usually quite satisfactory for the purpose if given 
proportions appropriate for the specific values of the 
various forms of material comprising the group. 

As for heat resistance without softening, melting, 
or carbonizing, the range is wide and in different 
types will cover temperatures from 60 to 1300 deg. C. 
Cold-molded asbestos lime-silicate compounds will 
not be destroyed at the higher temperature indicated. 
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as to moisture, dust, and temperature. F. W. Peek (4) 
states that: “What is generally termed “surface 
leakage’ is a rupture of one dielectric at the surface 
of another dielectric by overflux concentration due to 
difference in permittivities, etc.” 

Surface resistivity is high on clean surfaces of 
most dielectrics. 

If the materials are to be subjected to even the 
occasional and momentary play of arcing, however, 
there is great danger of surface carbonization and 
breakdown in some of the materials. In this respect 
synthetic resins of the phenolic group are particularly 
unreliable as they carbonize very readily and the 
carbon holds in a pitted surface. The Glyptal resins 
are much less susceptible to such attack. Hard rubber 
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Fig. 4. Factory Production of Cold-molded Insulating Parts 
(A companion photograph of production by the Hot Molding Process appears as the Frontispiece of this issue) 


As this is beyond the melting point of copper, molded 
insulation can be secured to resist any temperature to 
which electrical apparatus is subjected, although it is 
not always possible to use these refractory types in 
the form desired. 

Chemical stability is also available to an extent 
equal to that of the conductors, as for instance 
freedom from attack by water, acids, alkalies, and 
solvents such as used in varnishes and liquid insulating 
and finishing compounds generally. 

In insulating value there is also a wide range from 
the low values of the porous, refractory types to 
comparatively high values of the types made with a 
synthetic resin binder and suitable filler. This condi- 
tion also exists generally with respect to volume 
resistivity and dielectric power losses under high 
frequency. | 

What is often termed surface resistivity or surface 
leakage tendencies cannot strictly be considered a 
constant of the material for this property is largely 
dependent upon the condition of the surrounding air 


is comparatively excellent, and this is almost the 
only feature of molded hard rubber which justifies 
its continued use in electric insulation for some 
applications, as the brush tracks of magneto dis- 
tributor blocks. 

Table I gives the important properties of repre- 
sentative molded materials of each principal type, all 
values being determined by commonly used General 
Electric tests for molded materials. 


TESTING 


Severe criticism is justified in commenting upon 
the totally unreliable evaluation of insulating materials 
which generally prevailed until a few years ago and 
still exists in some places. 

A statement to the effect that the dielectric strength 
of a material is so many “volts per mil,” without any 
reference to details of the test specimen or method of 
test, is practically worthless. 


(4)‘*Dielectric Phenomena in High-voltage Engineering,” by P. W. 
Peek, Jr., p. 188. 
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The testing of insulating materials under dissimilar 
conditions by different investigators affords no 
reliability whatever in comparative values. 

Standard methods of testing all insulating materials 
are quite essential in order to determine and furnish 
to the designing engineer such values as can be used 
intelligently and with a reasonable degree of safety. 

The importance of standards in testing insulating 
materials has been pointed out® and particular 
emphasis placed upon the fact that practically every 
detail of testing (thickness and temperature of the 
specimen; humidity and temperature of the surround- 
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Therefore the values derived from standard test 
specimens may not always be precisely applicable to 
all shapes and sizes. 

However, it is of importance to the designing 
engineer to know that one molded material may be 
approximately 50 per cent stronger or weaker than 
another, or possesses substantially higher or lower 
dielectric strength. It is also of importance to know 
generally the relation of molded material values to 
those of the metals used in electrical apparatus and 
assembled with molded materials to complete the 
device or machine. i 


TABLE I 


POWER-FACTOR 
AND 


IMPACT 


HEAT RESISTANCE 


TRANSVERSE 


SATER RESISTANCE | COMPRESSIVE STRENGTH Ch BREAKDOWN| DIELECTRIC RELATIVE 
ABSORPTION (Approximate STRENGTH (Modulus of ( arpy VOLTAGE CONSTANT COST 
Type Surface (Per Cent) temperature IED pir baian a Ruption) E VES Kv.; 0.2" 105 Cycles, Ac Lowest 
(24 hr. at 21° C.) up E whic Specimen) “by 0.375 (0.5” by 0.5” ickness) 25 Deg. C. E= Highest 
not affect2d) Sp2cimzn) S ration): PF.% K 

Cold Molded Hard 
Organic Binder {Smooth 
(Pitch and Oil) Impervious {1.0 to 2.0 250 8,000 3,500 0.35 10 B 
Cold Molded 
Inorganic 
Binder Hard Variable 
(Calcium Silicate) | Porous 10 to 15 700 14,000 3,500 0.30 | Low A 
Cold Molded | 
Inorganic Binder 
(Calcium Silicate) 
(Water proofed) |Impervious [Less than 0.50 150 14,000 5,200 13 B 
Hot Molded Hard | 
Organic Binder Smooth | 
(Shellac) Impervious [Less than 0.25 55* | 7,000 3,000 0.20 40 na La C 
Hot Molded Very Hard 
Organic Binder Very Smooth 
(Phenolic Resin) |Impervious [Less than 0.25 135* 19,000 10,000 0.70 50 3 | 58 D 
Hot Molded Very hard | | ! 
Inorganic Binder | Slightly | | 
(Lead Borate) Rough and | 

Slightly 

Porous Less than 0.50 | 300 | 22,000 17,000 0.45 65 0.5 | 9.2 E 


*Distortion point. 


ing air; size, shape, pressure, and material of the 
electrodes; rate of voltage application, voltage 
frequency, etc.) affects not only the insulating values 
of materials but their physical properties as well. 


Standard tests are therefore just as necessary for 
electrical insulating materials as for iron and steel, 
concrete and other materials of engineering con- 
struction. Builders of bridges, dams, or skyscrapers 
would be in a sorry plight if they should be compelled 
to deal with doubtful values in applying materials to 
withstand carefully calculated forces. 

On the other hand, it is realized that in molded 
materials neither the uniformity of cross-section in a 
single specimen nor the uniformity from specimen to 
specimen is attained to the same degree as in metals. 


(5) °*The Importance of Standards in the Evaluation of Insulating Mate- 
rials,’ by L. E. Barringer, GENERAL ELECTRIC REVIEW, Nov.. 1924, p. 736. 


Used in this way, the property values of molded insu- 
lation derived from the application of standard tests 
are highly advantageous to all users of such material. 

For several years General Electric engineers con- 
cerned with the production and use of insulating 
materials have been engaged in formulating standard 
tests, working in conjunction with the American 
Society of Testing Materials, American Institute of 
Electrical Engineers, American Ceramic Society, and 
others, so that adopted tests might be as universally 
standardized and used as possible. As the result, over 
80 such tests have been prepared for insulating 
materials in general. (6 

Engineers and others desiring to conduct tests upon 
molded insulation should apply only standard tests 


(*) Those which have been prepared for molded insulation, and which 
are used for this type of material by the engineers of this Company, will be 
found in the Company's publication GED-112. 
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if reliable comparative values are wanted or should 
have suitable specimens prepared and sent to labora- 
tories in which the proper testing apparatus for 
standard tests is available. 


SELECTION AND DESIGNING 


Since it is impossible to obtain all desirable char- 
acteristics to the fullest extent in any one molded 
material, the designer should carefully list his require- 
ments in the order of their importance and then select 
the material which is superior in the most important 
respects. 


Fig. 5a. Draft or Taper 


Fig. 5b. Holes 


Lu} = 


Fig. 5c. Thin Walls and Ribs 
Fig. 5. 
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If designer and producer consider the design 
details thoroughly, it will often be found possible to 
change certain of these details in such a way as to 
simplify or strengthen the design very greatly, with 
consequent saving both in the mold or tool expense 
and in the cost of production. 

The ideal form of a molded piece is the cylinder as 
this requires only turned work in making the mold and 
the fewest number of mold parts, and results in ease 
in molding, uniform wear on the mold, and a minimum 
of corners and edges to clean in making or to increase 
the chances of breaking in the finished pieces. Of 


Fig. Se. Knurling, Threading, and Grooving 


Inserts 


Fig. 5f. 


Sketches Illustrating Certain of the Details That Must be Given Special Consideration 


in the Design of Molded Insulating Parts 


It is in the actual design of molded pieces, however, 
that the designing engineer, producer, and user must 
co-operate to the fullest possible extent to secure the 
best results. 

First of all, the engineer should calculate as closely 
as possible the service requirements as to mechanical 
strength, temperature conditions, degree of insulation, 
etc. and proportion the molding to meet the require- 
ments with due consideration to the quantitative 
values or constants for the material selected. These 
figures should be furnished by the manufacturer and 
should be the result of generally accepted standard 
tests. 

This is only the beginning, however, for often a 
carefully calculated design may be one difficult and 
expensive to produce, and subject to greater variation 
in values than should be the case. 


course any great proportion of parts cannot be made 
cylindrical but this fundamentally desirable shape is 
not used as often as is possible. 

Important considerations in designing are given in 
some manufacturers’ catalogues and in a few technical 
publications, but for unusual or intricate designs it is 
best to consult with the producer before the details 
are finally fixed for manufacture. 

Much might be said in connection with design 
details but only a few characteristic examples will be 
considered here, all with reference to the sketches in 
Fig. 5. 

Ample draft or taper should be provided for both 
projections and depressions, as illustrated in Parts X 
and Y of Fig. 5a. Corners should also be rounded as 
shown. These features permit the freshly pressed pieces 
to be readily removed from the molds, but it is obvious 
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that a greater degree of taper should be provided for 
cold-molded insulation than for hot-molded since 
with cold-molded material the parts are removed 
from the mold before hardening and are much more 
fragile. As a rule, $; in. to the inch will suffice for 
hot-molded material, whereas 3% in. to the inch should 
be provided for most cold-molded material. The 
exact amount of taper, however, depends upon the 
size and shape of the pieces. 

Parts should not be designed with holes near the 
edge or face of the moldings, particularly with cold- 
molded insulation. There should preferably be 
l% in. of material between the wall of the piece and 
the hole. Very small holes requiring thin delicate 
pins should not be demanded nor a horizontal hole 
requiring an unsupported pin in a horizontal position 
in the mold, since long thin pins or horizontal pins 
bend or break readily and hamper production. Part X 
in Fig. 5b illustrates these undesirable features of 
design. A square hole in a round piece with the cor- 
ners close to the edge is also undesirable as shown 
in Part Y of Fig. 5b. ' 

Often a number of holes in a row are required and 
these frequently so reduce the material in the central 
cross-section that there is great weakness at this 
point or what may be termed the “pin line.” In such 
cases a study should be made of the design with a 
view to strengthening the material at the pin line, 
possibly by providing rectangular holes instead of 
round holes, as shown in Part Z of Fig. 5b. 

Thin walls, or ribs, or sharp inside corners such as in 
Parts X and Y of Fig. 5c are very difficult to produce 
successfull y. 

Very often bevelled and rounded edges are called 
for in molded insulation parts. While pieces can be 
produced with such edges, suitable molds require a 
sharp edge at that part which forms the bevel or 
radius as shown in the upper portion of Part X in 
Fig. 5d. This sharp edge of the mold wears rapidly 
and must be replaced frequently if the bevel or radius 
is to be maintained; but it is suggested that where 
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other than a square edge is required, the bevel or 
radius be offset as shown in the lower portion of 
Part X in Fig. 5d. 

Where knurling, threading, or grooving is needed, 
care should be taken to provide surfaces which can be 
molded readily in simple molds. For instance, hori- 
zontal rather than diamond knurling should be 
employed, as in the lower portion of Part X in Fig. 5e 
rather than as in the upper portion of the same illus- 
tration, since such design can more readily be made in 
a small mold, whereas the diamond knurling requires 
two or three extra parts so that the mold can be 
taken apart without marring the knurling. Threads 
and grooves should be made bold, as in the right- 
hand half of Part Y in Fig. 5e, rather than small or fine. 

The proper designing of inserts is of great impor- 
tance and should be carefully done. Of course all metal 
parts must be securely anchored whether by projec- 
tions or indentations, as shown in Part X of Fig. 5f. 
As in the case of pins for horizontal holes, inserts 
should not be placed horizontally without a support. 
For example, the left-hand insert in Part Z of Fig. 5f 
would be difficult to fix properly, whereas in the same 
piece the insert shown on the right could be located 
readily by means of a hole through the bottom of the 
piece and the insertion of a supporting pin at this 
point. 

In Part Y of Fig. 5f the left-hand insert may give 
more difficulty than that at the mght because a 
variation in the length of the metal piece would 
cause a similar variation in the height of the com- 
pound, t.e., the mold could not be closed beyond the 
height of the insert. Weak, spongy compound might 
thus result if over-sized inserts were unsuspectingly 
employed. 

These are but a few of many illustrations that 
might be given of design details which would prove 
highly advantageous not only with respect to the 
ease of production but also to the degree of success 
with which the pieces meet assembly and service 
requirements. 
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The Care of Motor Insulation 


Relation of Lubrication to Insulation—Proper Storage Conditions—Several Methods of Drying Out 
Available—The Importance of Resistance Tests—Frequent Inspection of Insulation Necessary— 
Care Should be Used in Cleaning—Treatment After Cleaning 


By C. W. FALLS 
Industria] Engineering Department, General Electric Company 


ODERN methods of de- 
M sign and construction 
have made the electric 
motor one of the least compli- 
cated, and most dependable, forms 
of machinery in existence, and 
have thereby made the matter of 
its maintenance one of com- 
parative simplicity. This state- 
ment should not, however, be 
taken to mean that proper main- 
tenance is not important; on the 
contrary, it must be given careful 
consideration if the best performance and longest 
life is to be expected from the motor. The two major 
features, from the standpoint of their effect upon the 
general performance of the motor, are those of proper 
lubrication and the care given to the insulation, 
because they concern the most vital, and probably 
the most vulnerable, parts of the machine. The former 
will be discussed here only with regard to its relation 
to the maintenance of the insulation. 


LUBRICATION 


The designs of bearings and bearing housings of 
motors have been wonderfully improved in the last 
few years. The point has now been reached where 
bearings of modern motors, whether sleeve, ball, or 
roller, require only very infrequent attention. 

This advance in the art is not yet fully appreciated, 
for, while there may have been some necessity for 
more frequent attention in the case of older designs 
with housings less tight than on modern machines, 
oiling and greasing of new motors is quite often 
entrusted to uninformed and careless attendants, 
with the result that oil or grease is copiously and 
frequently applied to the outside as well as the inside 
of bearing housings. Some of the excess lubricant 
is carried into the machine and lodges on the windings, 
where it catches dirt and thereby helps in the ulti- 
mate failure of the insulation. 

The modern designs provide for a plentiful supply 
of oil or grease being held in dust-tight and oil- 
tight housings. If the proper amount of a suitable 
lubricant is applied before starting, there should be no 
need to refill the housings for several months, even in 
dusty places. Infrequent though periodic and reason- 
able attention to modern bearings of any type will tend 
toward longer life of both bearings and insulation. 


It can be satd of almost any ma- 
chine that there 1s some one feature 
of 1ts maintenance that has more 
to do with its successful perform- 
ance than all the others. 


case of the electric motor, the fea- 
ture having the greatest influence 
on its operation, life, and gen- 
eral well-being 1s the care given 
its insulation.— EDITOR 


CARE OF INSULATION 
Motors in Transit, in Storage, or Idle 

Motors should be stored in a 
dry, clean place until ready for 
installation. Heat should be sup- 
plied, especially for larger high- 
voltage machines, to protect 
against alternate freezing and 
thawing. This is equally applica- 
ble to spare coils. 

Motors that have been long in 
transit in moist atmosphere, or 
have been idle for an extended pe- 
riod without heat to prevent the accumulation of mois- 
ture, should be thoroughly dried out beforebeing placed 
in service. Machines may also become wet by acci- 
dent, or they may “sweat” as a result of a difference 
in their temperature and that of the surrounding 
air, just as cold water pipes “sweat” in a warm, 
humid atmosphere. This condition is, of course, very 
injurious and should be prevented, particularly 
in the case of large or important motors, by keeping 
them slightly warm at all times. Current at a low 
voltage can be passed through the windings, electric 
heaters can be used, or even steam pipes may be 
utilized for protective purposes. In the caseof extended 
idle periods, tarpaulins may be stretched over the 
motor and a small heater put inside to maintain the 
proper temperature. 


In the 


Drying Out 

If a motor has become wet from any cause what- 
ever, it should be dried out thoroughly before being 
operated again. The most effective method is to 
pass current through the windings, using a voltage 
low enough to be safe for the winding in its moist 
condition. For 2200-volt motors, 220 volts is usually 
satisfactory for circulating this drying-out current. 
Thermometers should be placed on the windings to 
see that they are being heated uniformly. Tempera- 
tures should not exceed 90 deg. C. (Class A insula- 
tion.) Applying the heat internally in this manner 
drives out all moisture, and is particularly effective 
on high-voltage motors, where the insulation is 
comparatively thick. | 

Heat may be applied externally by placing heating 
units around or in the machine, covering the whole 
with canvas or other covering, and leaving a hole 
at the top to permit the escape of moisture. In doing 
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this, it is essential that there be a circulation of warm 
air over all the surfaces to be dried. The air should 
be allowed to escape as soon as it has absorbed mois- 
ture. Therefore, the heaters should be so placed and 
baffles so arranged as to get a natural draft; or small 
fans may be used to force circulation. Twelve-inch 
fans set to blow air across the fronts of ‘‘ glow heaters ” 
and then into the lower part of a machine from 
opposite sides, and so on up around the windings 
and out the top, will produce surprising results. The 
temperature of the winding should not be allowed 
to exceed 100 deg. C. for Class A insulated motors. 
Smaller machines may conveniently be placed in 
ovens, the same temperature limits being observed. 


Insulation Resistance Tests 

The time required for complete drying-out depends 
considerably on the size and voltage of the motor. 
Insulation resistance measurements should be taken 
at intervals of four or five hours until a fairly con- 
stant value is reached. This value should at least 
equal the recommended A.I.E.E. Standard, which is 


Voltage 


Mechs o E 
“Bons = Kv-a. +1000 


The insulation resistance of dry motors in good 
condition 1s considerably higher than this value. 

The more convenient way to measure this resistance 
is through the use of a ‘‘Megger,”’ although if a 
500-volt d-c. source is available, readings can be 
taken with a voltmeter. The ungrounded side of 
the system should be connected to all the motor 
terminals through the voltmeter, the opposite or 
grounded side being connected directly to the motor 
frame. The insulation resistance is found by 


so) 


where R= insulation resistance in ohms 
E=line voltage (d-c.) 
V = voltmeter reading 
r =resistance of voltmeter. 

In using the voltmeter method the connection 
to the frame should always be made through a fuse 
of not more than 10 amperes in size. The circuit should 
be tested and the side showing a complete or partial 
ground then connected to the frame through the 
fuse. 

Obviously the insulation resistance varies over 
a wide range, depending upon moisture, temperature, 
cleanliness, etc., but it is a good indication of the 
general condition of the insulation and its ability 
to stand the operating voltage. Such readings should 
be taken before a high-potential test, to determine 
whether the insulation is ready for such a test, and 
afterwards to make sure that the high potential 
has not injured the insulation. 
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High-potential Tests 

High-potential tests should be made after drying 
out, or after repairs, to determine the dielectric 
strength of the insulation. New windings should suc- 
cessfully stand a high-potential test of twice normal 
voltage plus 1000. There is some disagreement as 
to the proper value to use for motors that have 
been in operation for some time, but it is reasonable 
to assume that, after thorough cleaning and drying, the 
winding of a used motor should stand 150 per cent 
of normal voltage for one minute. 

Small high-potential testing sets are available for 
such work and are of such capacity that very little 
damage will result from a breakdown during the test. 


Periodic Inspection 

A systematic and periodic inspection of motors 
is necessary to insure best operation, Of course, some 
machines are installed where conditions are ideal, 
where dust, dirt, and moisture are not present to 
an appreciable degree; but most motors are located 
where some sort of dirt accumulates in the windings, 
lowering the insulation resistance and cutting down 
creepage distances. Steel mill dusts are usually 
highly conductive, if not abrasive, and lessen creepage 
distances. Other dusts are highly abrasive and 
actually cut the insulation in being carried through 
by the ventilating air. Fine cast-iron dust quickly 
penetrates most insulating materials. Hence the 
desirability of cleaning the motors periodically. If 
conditions are extremely severe, open motors might 
require a certain amount of cleaning each day. For less 
severe conditions weekly inspection and partial clean- 
ing is desirable. Most machines reqļuire a complete 
overhauling and thorough cleaning about once 
a year. 

For the weekly cleaning the motor should be 
blown out, using moderate pressure, dry, compressed 
air (of about 25 to 30 lb. per sq. in. pressure). Where 
conducting and abrasive dusts are present, even 
lower pressure may be necessary, and suction is to 
be preferred, as damage can easily be caused by 
blowing the dust and metal chips into the insulation. 
On most d-c. motors and large a-c. motors the wind- 
ings are usually fairly accessible, and the air can be 
properly directed to prevent such damage. 

On the larger a-c. machines, the air ducts should 
be blown out so that the ventilating air can pass 
through as intended. 

On large machines, insulation resistance readings 
should be taken in the manner indicated earlier 
in this article. As long as the readings are consistent 
the condition of the insulation would ordinarily be 
considered good. Low readings would indicate in- 
creased current leakage to ground, or to other con- 
ductors, owing to one of perhaps several causes, 
such as deteriorated insulation, moisture, dirty or 
corroded terminals, etc. 
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Cleaning 

About once a year, or oftener if conditions warrant, 
motors should be overhauled. Smaller motors, the 
windings of which are not particularly accessible, 
should be taken apart. 

First, the heavy dirt and grease should be removed 
with a heavy, stiff brush, wooden or fiber scrapers, 
and cloths. Rifle-cleaning bristle brushes can be used 
in the air ducts. Dry dust and dirt may be blown off, 
using dry compressed air of 25 to 30-lb. pressure, 
taking care to blow the dirt out from the winding. 
As stated before, if the dirt and dust is metallic, 
conducting, or abrasive, air pressure may drive the 
material into the insulation and damage it. Hence, 
for such conditions, pressure is not so satisfactory 
as a suction system. If compressed air at low pressure 
is used, care must be taken to properly direct it so 
that the dust will not cause damage and will not be 
pocketed in the various corners. 

Grease, oil, and sticky dirt are easily removed 
by applying cleaning liquids like carbon tetra- 
chloride (Pyrene, Carbona), gasoline, or naphtha. 
All of these liquids evaporate quickly and, if not 
applied too generously, will not soak or injure the 
insulation. Carbon tetrachloride is best and is 
recommended because it 1s non-inflammable. 

In case one of the other liquids must be used, it 
should be applied out of doors or in a well-ventilated 
room. It must be remembered that gasoline or naphtha 
vapor is heavier than air and will flow into pits, 
basements, etc., and may remain there for hours or 
even days. The casual smoker, a spark from a hammer 
or chisel, or even from a shoe nail may cause a serious 
explosion. Therefore, proper ventilation of the room 
is essential and may require specially piped ventilat- 
ing fans. In using carbon tetrachloride the explosion 
hazard is eliminated, but some ventilation is required 
to remove the vapor, which might affect the safety 
and comfort of the workmen. 

There are several good methods of applying the 
cleansing liquid. A cloth, saturated in the liquid, 
may be used to wipe the coils. A paint brush, dipped 
in carbon tetrachloride, is handy to get into corners 
and crevices, and between small coils. Care should 
be taken not to soak the insulation as would be the 
case if coils or small machines were dipped into the 
liquid. 
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Probablv the best method of applying the liquid 
is to spray it on. Á spray gun, paint spraying appli- 
ance, or an ordinary blow torch are often used with 
good results, although the latter device is apt to give 
a heavier spray than desirable. 

An atomizer will give excellent results, using a 
pressure of about 80 lb. if the insulation is in good 
condition, or 40 to 50 lb. if the insulation is old. 
The atomizer should be held not more than 5 or 6 
inches away from the coils. 

While the insulation will dry quickly at ordinarv 
room temperature after such cleaning methods, it 1s 
highly desirable to heat it to drive off all moisture 
before applying varnish. This heating or drying-out 
process has already been discussed and, therefore, 
need only be mentioned here. 

If the motor can be spared from service long enough, 
the insulation should be dried out by heating to from 
90 to 100 deg. C. While warm, a high-grade insulating 
varnish should be applied. For severe acid, alkali, or 
moisture conditions, a black plastic baking varnish 1s 
best, while for conditions where oil or dusts are pres- 
ent, a clear or yellow varnish should be used. 

The varnish may be sprayed or brushed on. For 


. small stators or rotors, it is best to dip the windings 


into the varnish, cleaning off the adjacent metal 
parts afterwards by using a solvent of the varnish. 
After applying the varnish, the best results are ob- 
tained by baking for 6 to 7 hours at about 100 deg. C. 
Experience with particular conditions of operation, or 
the condition of the insulation, may indicate the desira- 
bility of applying a second coat of the same varnish, 
followed again by 6 to 7 hours of baking at 100 deg. C. 

If the machine must be put back in service quickly, 
or if facilities are not available for baking, fairly 
good results will be obtained by applying one of the 
quick-drying black or clear varnishes which dry in 
a few hours at ordinary room temperatures. 


Testing 

Insulation resistance readings should be taken, as 
explained previously, to determine whether the wind- 
ing is in satisfactory condition for applying a high- 
potential test. After this test, it 1s good practice to 
run the motor without load for a short time, to make 
certain that everything has been connected, assem- 
bled, and adjusted properly. 
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Pointing Device for Precision Theodolite 


By DOUGLAS L. PARKHURST 
Chief of Instrument Division, U. S. Coast and Geodetic Survey 


HE U. S. Coast and Geodetic Survey, in its 
work of establishing accurately located control 
points for mapping and other purposes, has 
been confronted with the problem of providing a 
suitable device for easily directing the telescope of 
the instrument approximately upon signal lights, 
the pointing device being only sufficiently accurate 
so that the signal will appear in the field of view. 
The pointing device is desired because observations 
must be made at night in order to minimize the 
effects of atmospheric refraction. 

The instrument used, a theodolite, is set up upon 
some commanding elevation, such as a mountain 
peak or high tower, and is directed upon a signal 
lamp of special design, which need not be described 


Clear Fused Quartz Pointing Device Shown Mounted on the 
Telescope of a Precision Theodolite 


in this article other than to state that it is so power- 
ful that the rays may be seen for many miles by 
the naked eye, such lamps having been observed 
upon with instruments over a distance of 152 
miles. 

No lights can be used in the observation tent as 
the comparative brilliance would make it impossible 
for the observer to pick up the faint signal light. 
In consequence, the pointing of the approximately 
45-power telescope of the instrument upon the signal 
is a somewhat difficult feat; for while the dim light 
from the recorder’s lantern outside the tent is suffi- 
cient for the observer to see the outline of the instru- 
ment, yet upon attempting to sight along the telescope 
without a suitable pointing device its outlines resolve 
themselves into a blur so that sufficiently close 
direction to insure the signal coming into the field 
of view is impossible. 

Various attempts have been made to devise a 
pointing apparatus, but until now none has achieved 
any marked success. A device developed by the 
Survey, with the co-operation of the General 


Electric Company, is now being tried out, however. In 
this the property of fused quartz of transmitting 
light longitudinally and around corners is made use 
of, the basic idea being that if two tiny points of 
light could be placed upon the barrel of the telescope 
in line with the axis of collimation, and could be 
seen anywhere in the tent to guide the observer 
these points would serve as a sight in directing the 
instrument. 

The device shown in the illustration was accord- 
ingly designed. It consists of a shielded flashlight 
bulb placed upon the barrel of the telescope. Two 
rods of fused quartz have one end of each placed 
against this bulb. The other ends are bent at 90 
deg. and are chamfered off to form points, the cham- 
fered surfaces being lightly frosted. A V-shaped 
baffle is placed directly before the eyepiece point 
in order to reduce the area of illumination to a 
minimum, this being necessary because of the appar- 
ent magnification due to its being so close to the 
observer’s eye. The light from the bulb travels 
along the quartz and causes the exposed tips of the 
rods to glow, the intensity being regulated by a small 
rheostat. The points are readily discernible anywhere 
in the tent and when the eye is placed in line with 
them the theodolite may be readily trained upon 
the signal light. 

This device is still in the trial stage but has given 
promising results in laboratory tests. A wooden 
holder was made and strapped to the telescope of 
the theodolite and placed approximately in collima- 
tion by sighting upon a target about 50 ft. distant. 
The instrument was then trained by means of the 
pointing device upon a small lamp some distance 
away in broad daylight, and upon looking through 
the telescope the lamp was found to be practically in 
line although no special efforts had been made to 
insure accuracy. 

With this device it 1s expected that the observer 
will be readily able to train his telescope in both 
altitude and azimuth upon the signal light so closely - 
that upon looking through the telescope the light 
will be in the field of view and it will be necessary 
only to make use of the slow motion adjustments 
to bring the cross wires directly to bear. The device 
will also be useful when making star observations, 
and it is expected that a considerable saving in 
observing time will be effected to say nothing of the 
greater satisfaction to the observer than the use of 
the cut-and-try method now in vogue. 
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N 1881 Thomas A. Edison 
] noticed, in his work of further 
developing the incandescent 
lamp which he had invented, 
that a glow frequently appeared 
in the bulb when current was 
passed through the filament while 
the lamp was being exhausted. 
1t seemed strange that this should 
occur, as it appeared that it was 
probably due to current flowing 
through the rarefied gases in 
the bulb, even though there was 
apparently a much lower resist- 
ance path for the current through the filament itself. 
In order to determine if current did pass through 
the rarefied gases, he inserted a wire in the bulb 
between the ends of the filament, as shown in Fig. 1, 
and connected this wire through a galvanometer 
to one terminal of the lamp outside the bulb. He 
found that a small current did flow through this 
wire but only when it was connected to the positive 
terminal of the lamp. This phenomenon was called 
the “Edison Effect. ” 

Nothing practical was done with this discovery 
until 1905, when Prof. J. A. Fleming worked out 
his idea of using it for its rectifying effect on alter- 
nating currents as a detector of radio signals in 
place of the ‘‘coherer’’ used by Marconi. 

The underlying principles of this two-element 
tube, or Fleming valve, are applied in rectifiers for 
converting alternating into direct current, such as 
the Tungar rectifier, battery eliminators for radio, 
etc. In order to understand the principles which 
govern the action of the three-electrode tube, the 
present day Radiotron, it is necessary to outline very 
briefly certain parts of the Electron Theory. 


The Electron Theory 

In 1897 Prof. J. J. Thomson showed experimentally 
that the atom, heretofore considered the smallest 
particle of matter, contained still smaller particles 
called electrons which are negative charges of elec- 
tricity. Prof. Ernest Rutherford and Prof. Neils 
Bohr have carried Thomson’s work still further. 
The atom is now considered to consist of a nucleus 
about which rotate one or more of these electrons, 
just as the planets rotate about the sun in our solar 
system. 


Certainly there is no lack in 
the abundance of magazine liter- 
ature on radio tubes, but unfor- 
tunately 1t exists as isolated and 
partial descriptions widely scat- 


tered with respect to time and place 
of appearance. To fill the need for 
a logical and up-to-date assembly 
of the related facts, the authors 
have prepared the following two- 
part article —EDITOR 


In the solar system the gravita- 
tional force of attraction between 
the sun and the planets is balanced 
by the centrifugal force due to 
the rotation. In the case of the 
atom (since unlike charges attract 
and like charges repel) the rotat- 
ing electron is attracted by the 
positively charged nucleus, but is 
kept from falling in toward the 
nucleus by the centrifugal force 
due to its rotation. The mass of 
the nucleus is large compared 
with that of the electron. 

An electric current is caused by the motion of 
positive or negative electricity through matter or 
through space. Most currents, however, are due to 
the motion of negative electricity; that is, the elec- 
trons alone. It is customary to speak of the direction 
of a current as being just opposite to the direction in 
which the electrons are flowing. In substances like 
metals, which are good conductors, there are a large 
number of free electrons, which are not attached to 
individual atoms. 

If a metal is heated in a vacuum, some of these 
free electrons will “evaporate” from the metal and 
enter the space within the bulb. Since these are all 
of the same charge (negative) they repel each other 
and also tend to repel the electrons which are being 
emitted from the surface. Thus after a short time, the 
space becomes practically saturated with electrons and 
when any leave the filament others are forced backin. 


Plate Current 

If a positive charge is placed on a wire or plate in 
the bulb, some of the electrons will be attracted to 
the plate, reducing the repulsion on the electrons 
tending to leave the filament, permitting more of 
these to evaporate. If the plate is connected to the 
positive terminal of a battery and the negative end 
is connected to the filament, as in Fig. 2, there will 
be a continual flow of electrons from the filament 
through the space to the plate, then through the 
battery circuit and back to the filament. This con- 
stitutes the plate current, and as it is customary to 
speak of the direction of the current as opposite to 
the motion of electrons, the current flows from plate 
to filament within the tube. This plate current can 
be measured by an ammeter placed in the circuit. In 
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the ordinary radio receiving tube this current is small, 
of the order of a few thousandths of an ampere, so 
a milliammeter is ordinarily used. 

When the electrons strike the plate they generate 
heat, their impact heating the plate just as repeated 
blows of a hammer on a piece of metal will heat it. 
The heat generated at the plate of the ordinary 
radio receiving tube is insufficient to materially 
raise its temperature, but in the larger power tubes 
used in broadcasting, the heat is sufficient to make 
the plates red hot. In a very large tube, the plate is 
made also a part of the container and is cooled by 
circulating water around it. The temperature reached 
depends on the relative size of the plate, the plate 
current and the plate voltage. 


ELECTRONS MOVE 
IN THIS DIRECTION 


CURRENT SAID TO FLOW 
IN THIS DIRECTION 


Fig. 2. Diagram Showing Flow of 
Electrons in Vacuum 


Fig. 1. Edison's Experimental 
Lamp 


Effect of Gas in the Bulb 

It is impossible to produce a perfect vacuum, since 
there are always some molecules of gas remaining in 
the bulb. If an electron, in traveling to the plate, 
strikes one of these gas molecules with sufficient 
speed, it will dislodge one of the electrons of the gas 
molecule. The original electron will then continue to 
the plate at reduced speed together with the electron 
dislodged from the gas molecule. The gas molecule 
is now positively charged, as one of the electrons has 
been taken away from it. In such a condition it has 
become ionized, and the positive ions will be attracted 
toward the filament. The positive ion strikes the 
filament with considerable energy as its mass is large 
compared with a single electron. If a large number of 
positive ions strike the filament, they will not only 
heat it toa still higher temperature, just as the plate 
is heated by electrons striking it, but they will also dis- 
integrate the filament by knocking off small particles. 

If the ionized molecule collides with a slow moving 
electron before reaching the plate, it may combine 
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with it to form a neutral molecule again. When this 
happens light is given out and, if a sufficient number 
of positive ions and electrons are recombining, a 
faint bluish glow is visible within the bulb. This 1s the 
effect Edison noticed in 1881. The glow can be made 
to appear in a ‘‘gassy”’ or ‘‘soft’’ tube, if the plate 
voltage be high enough. The pull on the electrons 
then is so great, making their speed of travel to 
the plate so high, that they can readily ionize a 
large number of molecules which, in recombining 
with electrons, give out light. 


The Two-element Tube or Fleming Valve 
Wireless telegraph signals at the time that Prof. 
Fleming developed the two-element tube, in 1905, 


A 


A 


Fig. 3. Two Views of a Two-element Tube or 
Fleming Valve 


were sent out by a spark transmitter. The radio waves 
sent out were of very high frequency, in the neighbor- 
hood of 100,000 cycles per second, which is far beyond 
the audible range whose upper limit is about 10,000 
cycles. The alternating current, generated in an an- 
tenna by these waves, would produce no audible 
sound, even if it were possible to send it through a 
telephone, as the diaphragm cannot respond to such 
high frequencies. Very little of this current passes 
through the telephone, however, for at these high 
frequencies the impedance of the coils is very large. 
While each spark sent out a group of high-frequency 
waves, the series of sparks or groups of waves sent out 
were of a frequency within the audible range. A device 
was therefore necessary todetect these groups of waves, 
the frequency of these groups fixing the pitch of the 
sound and their duration denoting whether the signal 
was a dot or a dash. Until the advent of the two-ele- 
ment tube, thiswas accomplished by means of a coherer. 
The two-element tube, Fig. 3, consists of two metal 
pieces, called electrodes, one maintained at a higher 
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temperature than the other, both mounted within 
a vacuum tube. The most convenient hot electrode 
is a tungsten filament heated by current. The other 
electrode is a metal plate. If an alternating potential 
be impressed between the filament and plate, through 
a load of some sort, a pulsating direct current will 
flow through this load. Edison had found that current 
would flow only when the plate is positive, so the 
tube acts as a rectifier or valve for the alternating 
current, hence the name “valve.” 


DIRECTION OF 
RECTIFIEO CURRENT 


© 
A.C. 
SOURCE 


Fig. 4. Diagram of Connections Illustrating Rectifying 
Action of Two-element Tube 


During the half cycle in which the plate is positive 
it will attract electrons from the filament, thus caus- 
ing a current to flow through the external circuit from 
the filament to plate. During the succeeding half 
cycle, the plate will be negative and so will repel 
electrons and hence no current will flow. The diagram 
of connections illustrating this action is shown in 
Fig. 4. 

This principle is now used in such devices as the 
Tungar rectifier to produce a direct current for charg- 
ing storage batteries and in so-called “B?” Battery 
Eliminators to produce direct current for radio sets 
in place of batteries. In the latter device, condensers 
and impedances or equivalent electrical devices 
must be used in the direct-current circuit to smooth 
out the pulsations, otherwise the pulsations will 
produce a hum. 


E 


GF 


Fig. 5. Diagram of Connections of Fleming Valve as 
Detector of Radio Signals 


Fig. 5 shows a diagram of connections illustrating 
the method by which Prof. Fleming utilized the two- 
element tube as a means of detecting radio telegraph 
signals. The radio signal produces an alternating 
current in the antenna circuit EG. This current passes 
through the primary D of an air core transformer 
which induces an alternating potential across the 
terminals of the secondary S. A variable condenser 
C is connected across the terminals of the secondary 
S, this condenser being adjusted or “tuned” to 
resonance with the induced alternating potential in 
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order to get the highest possible voltage. One end of 
the secondary S is connected through a telephone 7, 
shunted by a fixed condenser H, to the filament F 
of the two-element tube. The filament F is heated by 
passing current through it from the battery A. The 
other terminal of the secondary S is connected to 
the plate P. The radio signals reaching the antenna 
thus make the plate alternately positive and negative 
with respect to the filament so that a pulsating direct 
current flows from filament to plate through the fixed 
condenser H and telephone 7. 

Suppose the radio signal produced an alternating 
current in the antenna circuit of the form shown by 
the oscillograph curve (A), indicated in Fig. 6. The 
electron current between filament and plate, known 
as the plate current, is a pulsating direct current as 
indicated by (B). In passing through the telephone, 
the fluctuations are smoothed out by the condenser 
and by the inductance of the telephone coils, so the 
current passing through the telephone is as indicated 
by (C). 

It will be noted that the frequency of this pulsating 
telephone current is the same as the number of groups 
of radio waves per second and, being of audio fre- 
quency, produces a sound in the telephone. This is 
the detection of the radio signal. Each group of radio 
waves consists of several thousand cycles and, if the 
groups be sent out at a rate of about 1000 per second, 
there will be 1000 impulses given each second to 
the diaphragm of the telephone which will produce 
a high-pitched audible note. The length of time 
between intervals at which these groups are sent 
out will indicate whether the signal be a dot or 
a dash. 


ANTENNA CIRCUIT 
(A) CURRENT 


Nr Ma (B)  eURRENT " 
| E = (C) TELEPHONE CURRENT 


Fig. 6. Oscillographs of Current 


Plate or B Battery 

Later, the use of an additional battery to increase 
the current flowing from plate to filament was found 
to improve greatly the operation of the tube. This 
improvement depends upon a characteristic of the 
tube, that is, the relation between the voltage im- 
pressed on the plate and the resultant current flowing 
from plate to filament. This relation is known as the 
plate voltage—plate current characteristic. 

Suppose a given voltage be steadily impressed 
on the plate. This voltage will determine the value 
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of the plate current. By measuring the plate current 
at different plate voltages and plotting the relation 
between the two, a curve will be obtained having a 
characteristic appearance similar to that shown in 
Fig. 7. Note that when the plate is 10 volts positive, 
the current is about nine-tenths of a milliampere. 
With 20 volts plus on the plate the current is more 
than doubled, and with 30 volts is more than tripled. 
With any negative voltage on the plate the current 
is always zero, showing the rectifying action of the 
tube. 

Now suppose a battery, usually called the “plate” 
or “B” battery, were inserted in the circuit between 
the filament and telephone (see Fig. 5) with the nega- 
tive end connected to the filament. If the voltage of 
this battery were 10 volts, there would be, according 
to the characteristic curve in Fig. 7, a steady direct 
current of about 0.9 milliamperes in the plate circuit. 
This steady direct current flows through the telephone 
and will produce no sound. 

The alternating voltage, induced in the secondary 
S, Fig. 5, of the transformer, due to the radio signals, 
alternately adds to and subtracts from the voltage 
between the plate and filament. Suppose this varia- 
tion is of the order of one volt plus and minus. It 
will be seen from the shape of the characteristic 
curve, Fig. 7, that the increase in plate current HK 
caused by the increase in plate voltage AD from plus 
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Fig. 7. Plate Voltage—Plate Current Characteristics 


10 to plus 11 volts is greater than the decrease in 
plate current HG caused by the decrease in plate 
voltage AC from plus 10 to plus 9 volts. 

Thus for each group of radio waves, the average 
value of the current in the plate circuit is changed 
by this difference HK less HG. It will be noted that 
this difference is greater than the change in plate 
Current when the plate voltage varies from minus one 
to plus one (as would have been the case without any 
“B” battery). As the amount of change in plate 
Current affects the amount of change in the current 
flowing through the telephone, which is a measure 
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of the loudness of the received signal, the use of a 
plate battery of proper voltage will increase the 
strength of the received signal. 

A study of the characteristic curve, Fig. 7, will 
indicate that the best plate battery voltage to use 
will be at that part of the curve where there is the 
greatest curvature. It should be noted that the object 
is to obtain the greatest change in telephone current, 
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Fig. 8. Plate Voltage—Plate Current Relation at 
Different Filament Temperatures 


which may be either an increase or a decrease. The 
foregoing explanation has been based on an increase, 
but similar reasoning will indicate that a decrease 
will produce the same results. The plate battery volt- 
age to use can therefore be either at the lower bend 
of the curve or a higher one at the upper bend in the 
curve. The upper bend is not shown as the size of the 
abscissas and ordinates taken, to demonstrate this 
properly, would require an inconveniently large illus- 
tration. The upper bend of such a curve would appear 
as in Fig. 8. The lower bend, however, gives more 
satisfactory results. 


The Three-element Tube 

Dr. Lee DeForest made a notable invention, 
about 1907, in his discovery that if a third element, 
called the grid, be put in a two-element tube between 
the filament and plate, slight fluctuations in voltage 
impressed between the filament and grid would 
produce very great variations in the current flowing 
in the filament-plate circuit. (Three early tubes of 
the three-element type are shown in Fig. 9.) The 
variations in the plate current of three-element 
tubes are much greater than would be obtained if 
the voltage fluctuations were, instead, impressed 
between the filament and plate as in the two-element 
tube. For example, in the average UX-201A Radiotron 
with the filament operating at its rated voltage, if the 
plate voltage be increased from 90 to 100 volts, the 
plate current will only increase from 6.00 to 7.2 
milliamperes, an increase of 0.12 milliamperes plate 
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current per volt increase in plate voltage. 1f, however, 
with 90 volts on the plate, the grid voltage be in- 
creased from zero to plus one volt, the plate current 
will increase from 6.00 to 7.00 milliamperes, an 
increase of one milliampere per volt increase in grid 
voltage. That is, a given change in voltage is over 
eight times as effective when impressed on the grid 
as when impressed on the plate. 

The three-element tube can be used in three ways. 
First, as a ‘‘detector’’ to eliminate the “carrier” 
wave of radio frequency so that its variations of 
audio frequency will pass through the telephone to 
reproduce the signal as sound. Second, it may be 
used as an amplifier to increase the strength of the 
received waves either by amplifying the voltage 
produced by the carrier wave before it goes through 
the detector (radio-frequency amplification), or by 
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Fig. 9. 


amplifying the voltage produced by the audio wave 
after it has passed through the detector (audio-fre- 
quency amplification). Third, it may be used as a 
generator of high-frequency currents. 


Space Charge Effect 

Before explaining the action of these three uses 
of the three-element tube, it is desirable to explain 
the theory of the space charge effect. 

If an electrode such as the plate is placed near a 
heated filament and no voltage is applied to that 
plate, the electrons given off from the filament exert 
a repulsion on each other with the result that the 
space around the filament soon becomes saturated 
with electrons. No emission current is observed, as 
the electrons filling the space repulse the electrons 
tending to come off the filament. This repulsion of 
the electrons in the space on each other, and on the 
electrons tending to leave the filament, is called the 
“space charge.” If a slight positive voltage is put on 
the plate, the electrons are attracted to the plate. 
This reduces the repulsion of the electrons in the 
Space on the electrons tending to leave the filament, 
allowing electrons to leave the filament at a definite 
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rate. Thus there is a definite flow of current for a 
given voltage on the plate. As the voltage on the 
plate is increased, the current is increased in pro- 
portion to the 3/2 power of the voltage. A point is 
reached, however, depending upon the temperature 
of the filament, at which all the electrons emitted 
from the filament are drawn to the plate, so that any 
further increase in plate voltage will make no further 
increase in plate current. 

This space charge discovery furnished a simple 
explanation of the facts which led previous investi- 
gators to believe that in a very good vacuum with 
the low plate voltages they used, there was no 
electron emission. With a small amount of gas present, 
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the collision of electrons with gas molecules produces 
a small number of positive ions which tend to neu- 
tralize the space charge; consequently more electrons 
flow to the plate than would flow if there were no gas 
present, as one positive ion will neutralize the field 
produced by about 300 to 500 electrons. Thus the 
better the vacuum the smaller the plate current will 
become, leading the investigators to believe that the 
plate current would cease in high vacuum. 


The Three-electrode Tube as a Detector 

Dr. Irving Langmuir showed that the current 
between two electrodes in a good vacuum varies, up 
to a certain point, as the 3/2 power of the voltage 
between the electrodes. This certain point is called 
the “saturation” point as at this point the plate 
current has reached its maximum and any further 
increase in plate voltage produces no further increase 
in plate current. This is caused by the fact that all 
the electrons emitted from the filament are being 
pulled over to the plate and any further increases in 
voltage on the plate above the saturation voltage 
cannot attract any more electrons than are being 
emitted. 
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The saturation current, however, will depend upon 
the temperature at which the filament operates; the 
higher the temperature, the more electrons emitted. 
Hence, with higher filament temperatures a higher 
saturation voltage is necessary to.reach the higher 
saturation current thus made possible. With a given 
filament, the plate current below saturation is inde- 
pendent of filament temperature. This is indicated 
in the curves in Fig. 8, which show a typical character- 
istic relation between plate current and plate voltage 
at different filament temperatures. 

It will be seen that as the voltage on the plate is 
increased, for a given filament temperature T, the 
plate current increases up to the saturation point S, 
the plate current increasing from O to S as the 3/2 
power of the plate voltage. If the filament tempera- 
ture be increased to 7”, the saturation point is in- 
creased to S’ and the 3/2 power law then applies 
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Fig. 10. Plate Voltage—Plate Current Curves for 
Different Grid Voltages 


from O to S' along the same line OS and extends to S”. 
Similarly, if the temperature be further increased to 
T”, the 3/2 power law will apply along the line O S S’ 
and extend further to S”, a still higher saturation 
point. 

The curve does not change suddenly at S from the 
3/2 power relation to a horizontal line but passes 
through a transition stage. One reason for this is 
that, due to the voltage drop along the filament, 
the plate has a different potential with regard to 
different parts of the filament. Thus, if the plate be 
connected to the negative end of the filament, the 
plate voltage with respect to the negative end is 
several volts more (depending upon the voltage on 
the filament) than with respect to the positive end. 
The result is that the saturation voltage is different 
for each portion of the filament. Another reason for 
this gradual transition is that the electrons do not 
all have the same velocities when they leave the 
filament and the voltage which is just sufficient to 
pul] them over to the plate varies according to the 
distribution of their initial velocities. 

Suppose a grid were placed between the plate and 
filament and kept at a low positive voltage, the fila- 
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ment being maintained at a certain temperature 
and a certain voltage being maintained on the plate: 
the grid will attract electrons from the filament. 
The plate having a higher voltage than the grid, 
relatively few electrons will actually be caught by 
the grid and the remainder will pass on, through the 
meshes of the grid, to the plate. 

The effect of slight positive voltage on the grid is 
to partially neutralize the space charge. The space 
charge is due to the repelling forces of those electrons 
in the neighborhood.of the plate on other electrons 
near the filament. This nearly balances the attrac- 
tive force due to the positively charged plate. As the 
forces exerted by electric charges on each other are 
inversely proportional to the square of the distance 
between the charges, a very small charge on the grid 
has a much larger effect in neutralizing space charge 
than is obtained from the charge on the more distant 
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Fig. 11. Grid Voltage—Piate Current Characteristic to 
Illustrate Action of Three-element Tube Detector 
without Grid Leak and Condenser 


plate. Thus a slight positive grid voltage ‘‘boosts”’ 
the electrons along on their way to the plate. The 
higher the grid voltage the greater the number of 
electrons going to the plate for a given plate voltage. 

Similarly a negative voltage on the grid would 
repel electrons and tend to prevent them passing 
through the grid and so diminish the plate current. 

Suppose a series of plate voltage—plate current 
curves be plotted for different grid voltages. This 
family of curves will appear as in Fig. 10. It will be 
noted that at any plate voltage below saturation, 
the more positive the grid the greater the plate 
current, and the more negative the grid the smaller 
the plate current. A vertical line drawn through a 
given plate voltage will give values of plate current 
at the different values of grid voltage for this plate 
voltage. 

If the values of the plate current are plotted against 
the grid voltage, the curve thus obtained is called the 
grid voltage-plate current characteristic, illustrated 
in Fig. 11. Comparing the curve in Fig. 11 with the 
zero grid voltage curve in Fig. 10, it will be seen that 
a one-volt change in grid voltage will produce 0.90 
milliamperes change in plate current, whereas a 
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one-volt change in plate voltage will produce but 
0.15 milliamperes change in plate current. 

This suggests the way in which the three-element 
tube is used as a detector of radio signals. Instead of 
impressing the voltage fluctuations due to the in- 
coming signals on the plate, they are impressed on 
the grid where they exert a much greater effect on the 
plate current. The explanation of the detector action 
of the three-element tube is similar to that of the 
Fleming valve. Fig. 12 shows the connections for a 
three-element detector tube as used before the advent 
of the grid leak and condenser. 


= Tee + 


Fig. 12. Diagram of Connections of Three-element 
Tube as Detector of Radio Signals Without 
Grid Leak and Condenser 


The grid is connected to the negative end of the 
filament, and the normal voltage on the grid with no 
signals coming in is therefore zero, as also indicated 
in the grid voltage-plate current characteristic, Fig. 
11. The point of zero potential is always considered 
as the negative terminal of the filament. 

When signals come in, the alternating voltage in- 
duced in the secondary coil, Fig. 12, will make the 
grid voltage fluctuate between B and C, Fig. 11, which 
causes the plate current to vary between B’ and C”. 
When the grid voltage increases from A to C, the plate 
current is increased by the amount A'C”, and when 
the grid voltage decreases from A to B, the plate 
current is decreased by the amount A’ B’. From the 


(1) Antenna Circuit Current 


(2) Plate Circuit Current 
l 


(3) Telephone Current 


Fig. 13. Oscillograph Curves—Three-element Tube Used 
as Detector without Grid Leak and Condenser 


shape of the characteristic curve 1t will be seen that 
the increase in plate current A’ C’ is greater than the 
decrease A’ B', the net increase being A’ D’. 

While this explanation and those following make 
use of static characteristics to explain action under 
dynamic conditions, this is not strictly correct. It 
makes possible, however, a simpler explanation of the 
fundamental principles. 
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Suppose the radio signal produced an alternating 
voltage on the grid as shown by the oscillograph 
curve (1), Fig. 13, which produces the varying plate 
current (2). In passing through the telephone, the 
fluctuations in the plate current are smoothed out 
by the condenser and the inductance of the telephone. 
The telephone current is shown by (3) in Fig. 13. The 
variations in the telephone current reproduce the 
signal, as they are of audio frequency. 

The operation of the detector tube without grid 
leak and condenser depends upon the curvature of 
the characteristic curve. The greatest curvature pro- 
duces the greatest change in average plate current 
(the telephone current) so that by connecting the 
grid to the negative end of the filament (zero grid 
bias) and using a relatively low plate voltage, the 
part of the curve of greatest curvature will be utilized. 

If the operation were on the straight portion of 
the curve there would be no difference between the 
increase and decrease in plate current and hence no 
net change in telephone current and therefore no 
detector action. 


Grid Leak and Condenser 

A small condenser shunted by a high resistance 
provides another method of using the three-electrode 
tube. The condenser is usually of about 0.00025 
microfarad capacity and the resistance may be from 
two to five million ohms. They are placed between 
the grid and the tuning circuit as shown in Fig. 14 
and are known as the grid condenser and grid leak. 

The grid is connected to the positive terminal of 
the filament and when no signals are coming in it 
has a positive potential. The grid being normally 
positive, a small electron current flows within the 
tube from filament to grid and returns, through the 
grid leak in the outside circuit, to the filament. 
Thus there is voltage drop across the high-resistance 
grid leak, which has the effect of making the grid po- 
tential less positive with respect to the negative 
terminal of the filament. 


4} afalalafal 


Fig. 14. Diagram of Connections of Three-element Tube 
Detector Used with Grid Leak and Condenser 


Suppose when a signal is impressed on the grid, and 
the voltage wave readily passes through the grid 
condenser to the grid, the grid becomes positively 
charged during the first half of the radio frequency 
cycle. The grid then being momentarily more positive 
than before, attracts more electrons to it from the 
filament. The high resistance of the grid leak materi- 
ally retards the flow of these extra electrons back 


THE THEORY AND CHARACTERISTICS OF RADIOTRONS 


to the filament through the circuit outside the tube. 
Thus each cycle draws more electrons to the grid, 
these electrons tending to stay there and give the 
grid a negative charge, that is, make the grid less 
positive with respect to the negative end of the fila- 
ment. 

The first few cycles lower the grid potential, the 
succeeding cycles holding it at this potential which is 
dependent on the strength of the signal less the loss 
through the grid leak. When the signal has lowered 
the grid potential so that the positive part of the radio 
signal cycle equals the amount the grid voltage has 
been lowered, the grid, not becoming positive at the 
peak of the radio wave, cannot attract any more 
electrons and so cannot be further reduced in voltage. 
Hence there is a limiting value beyond which the grid 
voltage cannot be lowered. With weak signals the 
rate of leakage of the voltage on the grid becomes an 
appreciable part of the signal voltage, so that a high- 
resistance grid leak is desirable in order to keep this 
loss small. 

The oscillographs of the signal and grid voltage 
would then appear as in (1) and (2) in Fig. 15. For 
the sake of simplicity these graphs are those of tele- 
graph signals. 

Each group of incoming telegraph signals reduces 
the grid voltage from a certain positive figure to a 
lower figure. This reduction in grid voltage let us say 
is AB, in Fig. 16, which reduces the plate current by 
the amount A’ B’. The grid voltage is pulled down 
from A in the first few radio frequency cycles to B 
and kept at B during the remaining cycles. The plate 


(1) Signal Voltage 


(2) Grid voltage 


(3) Telephone Current 


Fig. 15. Oscillographs of Signal Voltage, Grid Voltage 
and Telephone Current of Three-element Tube 
Detector with Grid Leak and Condenser 


current is then quickly pulled down from A’ to B' 
and kept at B’ where it stays during the remaining 
and longer portion of the signal. The telephone 
current is then reduced by the amount A’ B’, the 
oscillograph of the telephone current being shown 
as (3) in Fig. 15. 

It will be seen that the amount of the change in 
telephone current A’ B’ (Fig. 16) is much greater than 
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the amount of the change obtained without the use 
of the grid leak and condenser A’ D’ (Fig. 11). Thus 
with proper values of grid leak and condenser, louder 
signals will be obtained than without their use. 

A grid current is essential for detector operation 
with grid leak and condenser. There are two other 
requirements for the best detector action: first, a 
maximum change in plate current and,-second, a 
maximum change in grid current, both for a given 
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Fig. 16. Grid Voltage—Plate Current Characteristic to 
Illustrate Action of Three-element Tube Detector 
with Grid Leak and Condenser 


grid voltage change. The maximum change in grid 
current, however, docs not necessarily occur at the 
steepest part of the plate current curve. 

The grid leak must be of a value which will keep 
the grid at a potential corresponding to the most 
favorable part of the characteristic curve. It must be 
small enough to allow the charge to leak off across 
the grid condenser between wave trains, though not 
so small as to prevent a charge from building up 
across the condenser and yet high enough to prevent 
most of the electrons from leaving the grid during 
the negative part of the radio frequency cycles. 

The grid condenser must be small enough so that 1t 
becomes nearly fully charged during the period of a 
group of incoming waves, one audio-frequency cycle, 
and yet not so small as to take up too large a portion 
of the voltage drop due to the incoming signal and 
so prevent the potential from reaching the grid. 

In the case of radio telephony, the smallest group 
of waves may be considered as corresponding to the 
highest overtones ordinarily heard in sound waves 
which are probably under 10,000 cycles per second. 
The lower of the broadcasting radio frequencies are 
about 500,000 cycles (600 meters) so that the smallest 
audio group is of a period of at least fifty radio-fre- 
quency cycles. The grid leak and condenser should 
be of values that operate well within this minimum 
of fifty radio-frequency cycles. 


(To be continued) 
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The Characteristics of Tungsten Filaments 


as Functions of Temperature 


PART III 


By DR. HOWARD A. JONES and Dr. IRVING LANGMUIR 
Research Laboratory, General Electric Company 


TRANSIENT PHENOMENA IN HEATED FILAMENTS 
INVOLVING CHANGES IN TEMPERATURE 


Large Displacements of Temperature 

(1) Time of Cooling. Let us assume that we have 
an ideal tungsten filament 0.01 cm. in diameter 
operating at 2000 deg. K in good vacuum. By the 
function A” we see that 


A = 1022 X (0.01)*? = 1.022 amperes 


is the heating current through the filament. Suppose 
we wish to know how long it takes the filament 
to cool from 2000 deg. to 500 deg. K on turning off 
the current. 

Since the time of cooling for an ideal filament in 
good vacuum is a function of the energy content, 
U, and the energy radiated, W, we may use equation 
(23) or column 15, Table I, to calculate this time in 
seconds. Hence from column 15 we see that 


(6914.6 — 18.906) 0.01 = 68.96 seconds 


is time of cooling for an ideal filament of this diameter. 
(2) Sudden Heating of Filament. Let us assume 
that we have an ideal tungsten filament 0.01 cm. 
in diameter and 41.7 cm. in length operating in good 
vacuum with 30.7 volts drop over_the filament. 


Since V’ = = we calculate 


,_30.7V0.01 
41.7 


From the function V’ in column 5, Table I, we 
note, therefore, that the filament temperature is 
2000 deg. K. 

Suppose, now, we wish to heat the filament to 2800 
deg. K by a sudden surge of energy, such as may be 
obtained by the discharge of a condenser or an in- 
ductance. We first inquire how much energy is 
needed. By equation (21) the total energy Ur of the 
filament is equal to U’,ld?. Thus the energy in- 
crement between 2000 and 2800 deg. K by the data 
of Table I is 


& 
(6610 — 4320) 41.7 X (0.01)? = 9.53 watt sec. 


The energy of a charged condenser in watt sec. 
is 1/2 CV?, C being the capacitance in farads and V 
the potential in volts. Thus, if we have a condenser 
of 10 microfarads charged to 1382 volts, the stored 
energy is 9.53 watt sec. and this should be able to 
raise the temperature of the filament from 2000 to 
2800 deg. K. This may be accomplished by placing a 


= (0.07375 volts cm.” Y? 


large choke coil in the filament heating circuit and 
discharging the condenser directly across the terminal 
of the filament. 

The energy of an inductance carrying a current 
I is 1/2 LI’, L being the inductance in henries. It is 
convenient to connect the secondary of a transformer 
to the filament. Thus by interrupting a d-c. current 
through the primary, a current surge is generated 
by the secondary. 


Small Displacements of Temperature 

Consider a filament which at any instant is heated 
by an electric power input Wa. The filament radiates 
the energy W, per sec. The wattage loss by conduc- 
tion is W, and Wa is the heat generated on the sur- 
face of the filament by positive ion bombardment 
or by a chemical action of the surrounding gas. Let 
H be the heat capacity of the filament in watt 
seconds per degree. A wire of length l cm. and 
diameter d cm. of metal of atomic weight M, 
atomic heat c, in cal. per gm. atom and density 
p has a heat capacity 


4.185 c, rd p 
4M 


For tungsten H =0.3456 c, d?l watt sec. per degree. 
For a filament in the steady state, we have 


W,+W,—W,-W,=0 


H = watt sec. per degree. (43) 


(44) 


1f, however, a small or infinitesimal variation in 
temperature AT is made to occur, then we have 


Ca 2AT) + (w+ Mar) 


dT 
dW dW 
AMA 7) — (v. AT) 
( ° dT ar (4) 
Hd AT l i 
= ————— where ¢ = time in sec. 
dt 
But by (44) this becomes 
dW, dW, dW, dW, Hdl T 
paa E A 00 E MAL (46) 


dT dT dt 


In general, Wa, Wa, W, and Wa are functions of the 
temperature and over even a fairly wide range of 
temperature each may be assumed to vary with a 
certain power of the temperature. These exponents 
we may designate by na, np, Nn, and na. 

Thus we may write 


W,=KT™ where K is a constant. (47) 


CHARACTERISTICS OF TUNGSTEN FILAMENTS AS FUNCTIONS OF TEMPERATURE 409 


Expressing logarithmically and differentiating, we 
obtain 
qW, n, Wx 
dT T 


Letting x equal successively a, d, b and c and 
substituting in equation (46) gives 


(48) 


Ne Watna W.—n, W,- ne W. =HT (49) 


dln At 
at 


For small changes in temperature, At, each of the 
dW, : 
derivatives aT and the quantity HT may be con- 


sidered constant and thus from equation (49) we 
din AT 
dt 
how the temperature of the filament varies after any 
change in conditions. 
By dividing equation (49) by HT we obtain 


see that is a time constant a which shows 


"u Watna W¿—n. W,—08n, W. (50) 
HT 
where 
_amAT (51) 
dt | 
Integrating equation (51) gives 
AT=Aje” (52) 


where A,, the constant of integration, is the initial 
temperature displacement. 

It is clear from equation (52) that if @ is negative 
in sign the temperature returns to or approaches 
its stationary value according to this equation. 

If, however, a change is brought about in the con- 
ditions governing the temperature of the filament 
such that œ as given by equation (50) is positive 
in sign, we see from equation (52) that the equilib- 
rium is unstable and the temperature will either 
rise or fall indefinitely or until the temperature dis- 
placement is so great that equation (46) no longer 
applies. 


EXAMPLES INVOLVING SMALL TEMPERATURE 
DISPLACEMENTS 


Change of Input Power 

Consider an ideal filament 0.002 cm. in diameter 
and 35.1 cm. in length operating in good vacuum 
with a constant drop of 100 volts over the filament 
so that it is, according to the data of Table I, ata 
temperature of 2400 deg. K. The current will be 
0.1272 amperes. 

Let the applied voltage now be suddenly raised 
to 105 volts and maintained constant at this new 
value. The question arises: How much will the 
filament temperature increase and how rapidly will 
it approach its new value? 

The temperature increase can be obtained from 
the function V’ in column 5, Table I, or from the 
semi-logarithmic plot of this function in Fig. 1. 


By this method we find that the temperature in- 
creases to 2440.1 deg. K. 

We may also calculate the temperature rise due 
to the increase of five per cent in voltage from the 
data in Table III. We note that when the diameter 
and length are held constant 

d ln T 
dinV 


Hence we have in our example 


= (0.339 at 2400 deg. K 


dT 
r 0.339 X 0.050 = 0.01695 


or dT =40.7 degrees, which checks well with the 
above value. 
The current change corresponding to this enanke 
in temperature is given by 
AA AT 


A T 


where n; = and may be calculated from the 
Ny HR 


data in Table II. Thus we find 
AA =0.5725X 0.0167 X0.1272 = 0.00122 amperes. 


The new current value is, therefore, 0.1284 amperes. 

According to equation (52) the increase in tem- 
perature from 2400 deg. to 2440 deg. occurs gradually. 
To calculate the rate, we find the value of @ by 
equation (50). In this equation, W¿=0, W,=0, 
and n, = np. Thus by equation (44) we see that W, and 
W, are equal and are the same as the power input 
which is 105X0.1284=13.50 watts. Equation (50) 
then becomes 


OOS aa. (n,— Nw) 


HT 


y? SEE 
Since W = R and V is maintained constant at 


105 volts during the time interval that the-filament 
temperature is increasing toward 2440 deg. K, 
W varies inversely as R or n= —nr= (—1.196) for 
this case. 

Similarly, from Table II, we see that ny=4.69 


at 2440 deg. K and by equation (11), H=H'ld? = 
4.06 X10 watt sec. per degree. 
Therefore 
_ 13.50 (—1.196—4.69) _ a92 
4.06 X 10 Xx 2440 ` 
Substituting in equation (52), we obtain 
AT=40 -3 
which may be written 
_ 2-303 40 40 
—— ] = 0.027701 —- 
80.2 AT RAT 


Hence we may calculate the time necessary for 
the filament temperature to reach the values 2420, 


» 
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2439 and 2439.9, 1.e., AT=20, 1.0 and 0.1 succes- 
sively. Thus we find that 
t2420 = 0.00833 seconds 
t2439 =0.0443 seconds 
and to4399= 0.0720 seconds. 


2 
We have seen that since W E n= —Np When a 


filament is maintained at constant voltage. Similarly, 
since W = RE it follows that n,= +ng when a fila- 
ment is maintained at constant current. 


In general, if we have a filament of resistance R, 


heated by a current from a constant voltage source 
which passes through a resistance Rz, the exponent 
n, for the filament input power is 


=ne [PSE 
"a= NR RR, 


From equation (53) it follows that if Ry/R, is 
large, the circuit acts as a constant current circuit 
and n, is approximately equal to +1.2, while if 
R/Rı is small the circuit is a constant voltage cir- 
cuit and n,= — 1.2 approximately. 


(53) 


TRANSIENT EFFECTS IN PRESENCE OF GAS 
Temperature Displacements in a Hot Wire Pressure Gauge 

The changes in resistance of a heated filament 
caused by the cooling effect of gas is used in the 
Pirani-Hale @) gauge to measure pressure. The time 
required to take a reading with such a gauge depends 
on the rate at which the temperature approaches its 
final value after a displacement of temperature 
produced, for example, by a change of pressure. 

Let us assume that we have a tungsten filament 
0.005 cm. in diameter and 10 cm. in length operating 
at a temperature of 1050 deg. K in nitrogen at 400 
baryes pressure. The bulb temperature Tı we will 
assume to be 300 deg. K. 

Suppose now that while the filament current 1s 
maintained constant there is an increase in pressure 
sufficient to cool the filament from 1050 deg. to 
1000 deg. K. The question arises: How long a time 
will it take the filament to approach sufficiently near 
to the final temperature to permit an accurate 
pressure reading’ 

- We have from equation (50), since W4=0 


n,W,—n,W,—1,.W.=aHT 
From equation (44), since W4=0, we have 
Wa= Wit W. 
By the condition of constant current, we have 
na = +1.20 at 1000 deg. K. 


By Table II, 
ny = Nw =5.65 and by equation (2), W, = Id = 0.0946 
watts. 


(%)C. F. Hale, Trans. Amer. Electrochem. Soc. Vol. 20, 243 (1911). 
See also N. Campbell, Proc. Phys. Soc. London, 33, 287 (1921). 
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The watts conducted in nitrogen at low pressure 
is given by equation (32a), i.e., 


W, 
W",= 7 = 18.8X 10 p (T-T) 


whence we calculate 


W”, = 18.8 X 10-* X 400 (1000 — 300) X 10 X 0.005 
= (0.264 watts 


Hence WV’, = 0.0946 +0.264 =0.359 watts 
Expressing equation (32a) logarithmically Pand 
differentiating we have 


din W. | 


Substituting in equation (50), we obtain 
0.200.359) — (5.65 0.0946) — (1.428 0.264) 


0.00055 X 1000 
0.431 — 0.534 — 0.377 
= —_______——— = 0.873 
0.550 
Substituting in equation (52), we have 
A T=50 € 0.8731 
which may be simplified to 
2.303 |. 50 50 
{= ——_] —— =2.64 1 
0.873 £" AT Ar 
Solving we find 
bisec.) A T | T; 
1.052 20 1020 
1.84 10 1010 
4.48 1 1001 


Hence we note that under these conditions an 
accurate pressure reading could be obtained in 
approximately five seconds. 

In a similar manner we have calculated a’, t’, and 
S’ for several other filament temperatures and nitrogen 
pressures. Table V gives some of the results which 
may be useful in designing Pirani-Hale gauges. 


TABLE V 
TRANSIENT EFFECTS IN RESISTANCE MANOMETERS 


1 2 3 4 5 6 7 
ia k (N); a'm ad AT Ao t"gsec. =t/d At AYN =S’ 
500 0 —0.000157!0.01| 1.0 | 29,300 0.123 
500 10 —0.000196 0.01; 1.0 | 23,500 0.0553 
500 | 100 | — 0.000792 0.01 1.0 5,820 0.00925 
500 | 500 —0.00145 | 0.01} 1.0 3,175 0.00197 
800 0 — 0.00142 | 0.01; 1.0 3,210 0.0178 
800 | 10 | —0.00144 |0.01; 1.0 3,200 0.0151 
800 | 100 | —0.00177 |0.01| 1.0 2,600 0.00640 
800 | 500 —0.00318 | 0.01) 1.0 1,450 0.00180 
1000 | 400 —0.00437 |0.01| 1.0 1,055 0.00184 
1200 0 — 0.00830 | 0.01) 1.0 555 0.00325 
1200 10 —0.00832 | 0.01) 1.0 553 0.00315 
1200 | 100 —0.00842 | 0.01) 1.0 517 0.00245 
1200 | 500 | —0.00887 |0.01| 1.0 520 0.00124 


Column 1 gives the final temperature of the fila- 
ment in degrees Kelvin; column 2, the pressure of 
nitrogen in baryes, while column 3 gives the func- 
tion æ’ for a filament 1 cm. in diameter. Columns 4 
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and 5 have been so chosen that the data on the time 
of approach (t') in column 6 is expressed as the 
number of seconds required for the temperature to 
approach within 1 per cent of the final value after a 
small displacement of temperature has occurred. 

Column 7 gives the sensitivity (S’) of a constant 
current filament per barye of nitrogen. 


It follows that for any filament 


t=t', Xd, (54) 


/ 


a 
and a= 7 where d is expressed in cm. (55) 


Instability of a Filament Heated by lon Bombardment 

Let us calculate « for the case of a filament operat- 
ing in ionized mercury vapor where the positive ion 
bombardment causes considerable heating. 

Consider an ideal filament 0.04 cm. in diameter 
and 20 cm. in length operating at 2200 deg. K in 
mercury vapor at a low pressure. The filament will 
radiate (W,) 95.75 watts and the current will be 
9.730 amperes. 

Let us assume that there is an anode in the tube 
at 100 volts positive with respect to the filament and 
that for every 10 electrons leaving the filament 
there is one mercury positive ion striking the cathode 
with a kinetic energy corresponding to 100 volts. 

The energy delivered to the filament by one positive 
ion striking it is the product of the charge on an 
electron and the sum of the cathode drop (100 volts), 
the ionizing potential of mercury (10.4 volts) minus 
the work function of the tungsten surface for elec- 
tron emission (4.5 volts). Therefore, the total energy 
received by the filament from positive ions is 


W,=0.1 (J) X 105.9 = 10.59 (J) (where J is the 
electron emission in amperes) 


Since I = 1’ ld we find that 
Ioo09 = 0.0417 X 20 X0.04 = 0.0335 amperes 
Hence 
W= 10.59 X 0.0335 = 0.3545 watts. 


If we imagine that a temperature change has just 
occurred while the filament current is maintained 
constant, which brings the filament to 2200 deg. K 
as a steady value, we may determine whether the 
filament temperature will be stable by calculating 
a from equation (50). 

By the condition that we are operating in mercury 
vapor at a low pressure, we see by equation (31b) that 
we are justified in assuming W¿=0 so that equation 
(50) becomes 


n MW tnaa — ni W,=a HT 
Similarly, since W/¿=0, we have from equation (46) 
Wa + Wi = We 


By maintaining the filament current constant, we 
have n,=npg= 1.19 at 2200 deg. K. 


By equation (44) we have W, = W,— W¿=95.75— 
0.3545 = 95.39 watts. 


Also, we have n,=n,; which is given in column 10, 
Table II. Thus n= n;= 25.8 at 2200 deg. K. 


1n¿=Ny=14.81 at 2200 deg. and H=H'ld*=2.76 X 
20 X 1.6 X 10-*= 0.0884 watt sec. per degree. 


Substituting in equation (50), we have 


ae (1.19 X 95.39) + (25.8 X 0.3545) — 4.81 K 95.75 


0.0884 X 2200 
_ 113.5+9.15— 460.5 
= 194.5 
= — 1.730 


whence it follows from equation (52) that the fila- 
ment temperature is stable under these conditions 
and the rate of approach to the new temperature is 
fairly rapid. 

We have calculated a for different filament tem- 
peratures under the conditions previously imposed. 


T; Q: 
2200 — 1.730 
2300 — 1.91 
2400 — 1.975 
2500 — 1.82 
2600 — 1.193 
2700 +0.314 
2800 +3.425 


From a plot of « against T we find that a=0 at 
2680 deg. K. Hence at temperatures higher than this 
the filament is unstable and the temperature will 
rise indefinitely or until, because of a large tempera- 
ture displacement, some factor not considered in our 
present theory limits the current. 


TRANSIENT TEMPERATURE EFFECTS ON ALTER. 
NATING CURRENT 
Small and Rapid Temperature Displacement 
When a filament is heated by alternating current 4 
of frequency f, the temperature of the filament 
fluctuates with a frequency 2 f. The temperature of 
the filament varies between the limits T— A and 
T+ A where T is the average temperature and A, 
the amplitude of the temperature fluctuation, is 
given by 
W Ww’ 
A= = 
4nfH 4rfdH' 


(56) 
W being the average power input in watts. 


APPENDIX 


It may be of interest to analyze in detail the method 
suggested by Mr. H. M. Mott-Smith, Jr., to obtain 
the partial derivatives of lamp variables by means 
of matrices and determinants. 


(20*"The Flicker of Incandescent Lamps on Alternating Currents,” 
Langmuir, GENERAL ELECTRIC REVIEW 17, 294 (1914). 
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Let W, R, L, T, l and d be lamp variables where 


W = watts 
R = ohms 
L = lumens 
T = temperature 
l=length 


d = diameter 
The symbols W, R, L, T, 1, and d in bold-faced 
Roman type will now be used to represent the log- 
arithms of these quantities. 
We have already shown that when we have added 
two conditions, we have five equations containing 
the above variables. These equations are 


W= AwtnyT+ 1+ d (38) 
R= Agrt+tngT+ 1- 2d (39) 
L= A,+x,¿T+ 1+ d (40) 
AwW HARR +A L+A1 +Hd=C, (41) 
ewW terR +e¿L+ejl+esd=C, (42) 


Since we are to deal only with the total derivative 
of one variable with respect to another variable 
when two other variables are held constant, the 
constant terms in the equations become zero. 

A matrix may be formed from the coefficients of 
the variables in these different equations. Thus 


W R L T l d 


freedom and 
any variable 


There remains only one degree of 
we can determine the derivative of 
with respect to any other variable. 

We may simplify the above matrix by the ordi- 
nary rules of determinants, eliminating columns and 
rows until there remain only the two variables of 
which we want the derivatives. An example will 
illustrate the method. 

Let us fulfil one of the conditions by postulating 
that the length of the filament shall remain constant. 
Then A;=1 and Ay=Ar=A,¿=A¿=0. Substituting 
in the above matrix, we have 


wW R L T l d 


l =const. 


Since all the coefficients except one in the fourth 
row are zero, the matrix may be reduced by dropping 
the column and row in which this coefficient occurs, 
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the new matrix being multiplied by the value of this 
coefficient, t.e., unity 


Ww R L T d 


l =const. 


Let us now fulfil the second condition by postulat- 
ing that the volts (V) shall remain constant. Since 


W+R 
EN, we have the condition that ew=er=1 


and e¿=€¿=0. Substituting these values in the above 
matrix and subtracting column 2 from column 1, we 
obtain the matrix: i 


W R L T d 


l =const. 
V =const. 


The second column and fourth row may be elim- 
inated from this matrix by the rule given above to 
obtain the matrix. 


l =const. 
V =const. 


The second column and third row may now be 
dropped to obtain the matrix 


W T d 

M= +1 — ni —1 
—1 —Ak +2 l =const. 
V =const. 


If we now add row one to row two we obtain 


WwW T d 


Column one and row one may be dropped from this 
matrix to give 


T d 


Mu | —(nw +n2) +1 l =const. 


V =const. 


Whence we observe that when length (/) and volts 
1 


nyw nR 


—— a 
—= 


=(). 2400 
Jd 0.169 at 240 


(V) remain constant 


deg. K. 

Similarly, we may reduce the original matrix 
until any two terms remain. In this case, the total 
derivative of the first term with respect to the second 
is always the quotient obtained by dividing the 
second term by the first term with its sign reversed. 


(Concluded) 
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Edison Electric Illuminating Company of Boston 


Receives Charles A. Coffin Award 


HE Edison Electric Illuminating Company of 
Boston, in competition with leading and 
most progressive public utility companies of 
the country, has been awarded the Charles A. 
Coffin Foundation gold medal for 1926, it was 
announced at the annual convention of the National 
Electric Light Association in Atlantic City on June 8th. 

R. F. Pack, President of the 
Association, in making theaward, 
spoke in glowing terms of the 
outstanding achievements of the 
Boston Company in its efforts 
to cultivate a better under- 
standing and more cordial rela- 
tions with the public. This was 
the fifth annual award of the 
medal, made possible through 
the creation of the Charles A. 
Coffin Foundation by the Gen- 
eral Electric Company in 1922. 

From a modest beginning, 40 
years ago, in a crude, remodeled 
stable in Boston, serving only a 
few customers located in the 
immediate vicinity, the Boston 
Edison Company has experi- 
enced a steady growth until it 
now operates three generating 
stations aggregating 271,150 
kilowatts in capacity, has 2083 miles of public high- 
ways covered by its lines, extending over 600 square 
miles and serving 313,000 meter customers. 

No company has carried out more skillfully and 
with greater initiative the improvements of its 
engineering facilities, Mr. Pack pointed out. Among 
the most noteworthy was the installation for the first 
time by any central station in the world of a steam 
turbine operating under a pressure of 1200 lb. per 
sq. in., about double that of most modern turbine 
plants of today. 

During 1926 there was but one per cent increase in 
the population served by the Boston Company, but 
the total number of customers increased 12 per cent 
and the gain in residential customers was 17 per cent. 


CHARLES L. EDGAR 


The total residential energy in kilowatt-hours increased 
25 per cent. 

The Boston Edison was the first central station to 
inaugurate a new co-operative sales and public relation 
advertising campaign. To tie in with this extensive 
plan advocating the patronage of neighborhoo q dealers 
in electrical devices, the dealers were also enc ouraged 
to make purchases of appliances 
from the Company at a liberal 
profit tothemselves and tosecure 
commissions on completed 
‘leads "turned in to the Com- 
pany. 

Operation of its broadcast 
station has done much toward 
creating good will, Mr. Pack 
declared. Other methods of en- 
listing public favor were the pre- 
sentation of illustrated lectures, 
discontinuing the signatures on 
applications for electrical serv- 
ice, permitting the acceptance of 
telephone orders, and establish- 
ing a means of using choke coils 
to prevent radio interference by 
its stations. 

With the medal award was a 
check for $1000 from the Charles 
A. Coffin Foundation, to be given 
to the Boston Edison employees’ benefit association. 
The awards were received on behalf of the Company 
by its president, Charles L. Edgar. 

Four other companies, which closely rivalled the 
Edison Electric Illuminating Company of Boston 
for this award, in the opinion of the committee, were 
the Milwaukee Electric Railway and Light Company, 
the Pennsylvania-Ohio Power and Light Company of 
Youngstown, O., the Puget Sound Power and Light 
Company of Seattle, Wash., and the Union Gas and 
Electric Company of Cincinnati. The committee of 
awards, in addition to Mr. Pack, included S. W. 
Stratton, President of the Massachusetts Institute of 
Technology, and R. H. Ballard, Vice President of the 
Southern California Edison Company. 


The previous awards were made to thz following companies: 


1922—Southern California Edison Company. 
1923 —Public Service Co. of Northern Illinois. 


1924—Consumers Power Company, Jackson, Mich. 
1925—Commonwealth Edison Company, Chicago, Ill. 
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Relation Between the Force Exerted by a Plunger 
and the Current in an Open-end Solenoid 


By WAYNE E. LYNCH 
Testing Department, General Electric Company 


OST textbooks and handbooks do not show 
M definitely the relation between the pull on 
a plunger in a short solenoid and the current 
in its windings. Some formulas and approximate rela- 
tions that are given indicate that the force on a soft- 
iron plunger in a solenoid, when there is no other 
iron in the field, is nearly a linear function of the 
current in the winding. | 
On the other hand it would appear, from the fact 
that the flux density at any point on the surface of the 
plunger is directly proportional to the current, and the 
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Diagram Of the Apparatus Used in Measuring the Pull 
Exerted by Current Flowing in a Solenoid 


Fig. 1. 
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Fig. 2. Curves Showing Relations of the Pull on a Solenoid 
Plunger to the Current Producing It 


force at any point is directly proportional to the 
square of the flux density, that, neglecting satura- 
tion, the force on the plunger should be directly 
proportional to the square of the current. 
Differences of opinion have thus arisen as to what 
really is the true relation between the current in the 
solenoid and the force on the plunger. In order to 
settle the point a test was made in which actual 


measurements were taken of the force and current. 
The solenoid used in the set-up was a standard voltage- 
regulator coil which was 314 in. long and 2 in. mean 
diameter, wound on a brass spool having brass 
brackets for mounting. There was practically no iron 
in the field of the coil other than the one-half inch 
plunger which is standard for the particular coil used. 


Method Employed in Making the Test 

The set-up, as shown in Fig. 1, consisted essentially 
of a gravity balance. In order that the apparatus 
should be as sensitive as possible, all mechanical 
contacts of the balance were made knife edges. 

All current readings were taken with the plunger at 
exactly the same place in the solenoid. The balance 
or force readings were taken from both directions 
on the scale to insure accuracy. Fig. 2 shows graphi- 
cally the relation found between force and current, 
and between the square root of force and the current, 
as derived mathematically from the force curve. 


Conclusions 

The graph in Fig. 2 shows a straight-line variation 
between the square root of force and the current. 
Hence, the square root of force varies directly with 
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Fig. 3. Saturation Curves for Plungers of Different Size. The 
degree of saturation has a marked influence upon the 
relation of the pull to the exciting current 


the current, and therefore the force on the plunger 
varies directly as the square of the current. 

Since, when saturation exists, the flux density is 
not proportional to the current, the pull will not 
be proportional to the square of the current. It 
would seem, therefore, that saturation did not exist 
in the foregoing test. In order to verify this conclusion 
the saturation curves shown in Fig. 3 were taken 


THE NEW UNDERVOLTAGE DEVICE 


on two plungers of different sizes, the upper curve 
being that for the plunger used in the test to determine 
the pull exerted by the coil. The bend at the upper 
end of this curve indicates the beginning of satura- 
tion; but this takes place far above the normal operat- 
ing current value for the coil. 

The lower curve in Fig. 3 was taken with a plunger 
one-half the diameter of the test plunger. This satura- 
tion curve shows well what is to be expected from 
using too small a plunger in a solenoid. In accordance 
with test, and as would be deduced from theoretical 
considerations, plungers of appreciable length com- 
pared to the length of the solenoid and those which 
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are quite small in area compared to the cross-sectional 
area of the solenoid exhibit only a relatively 
small change in force for a change in current, due 
to saturation. It should also be borne in mind that 
plungers of extremely long solenoids of small diameter 
are particularly susceptible to saturation and its 
accompanying influence upon the pull that the 
plunger exerts. 

It was therefore concluded that for any position of 
the plunger, in those cases where saturation does not 
exist, the pull will be proportional to the square of the 
current; butin any particular case, it would be advis- 
able to determine by test whether saturation exists. 


The New Undervoltage Device Meets Time 
Delay Requirement 


NEW undervoltage device embodies a feature 
A which will satisfy a long-felt demand—that 

of time delay. The device has a wide range 
of time-settings and may be used in various combi- 
nations of circuits. It is designed to insure continuous 
service in conditions where 
sharp, momentary dips 
in voltage are common. 

One variation of the de- 
vice, when used in connec- 
tion with an oil circuit 
breaker in an automati- 
cally controlled station, in- 
cludes a set of circuit- 
closing contacts to close the 
circuit of a control relay to 
prevent the breaker mech- 
anism from closing the 
breaker until its trip-plate 
has been returned to nor- 
mal position. 

In principle of operation, 
the torque of a small mo- 
tor is opposed by the 
torque of a helical spring; 
and a weakening of motor- 
torque by undervoltage, 
long sustained, permits the spring-torque to over- 
come the motor-torque and trip the breaker. When 
energized, the motor, which is of the shaded-pole 
type, without brushes or commutator, winds up the 
spring through a gear-train. A pin at the outer edge 
of one of the gear wheels is thus rotated from the 


The New Undervoltage 
Device 


tripping position and brought to rest against a 
spring-stop. The device is therefore self-resetting. 

With normal voltage, the motor “‘stalls’’ in this 
position, or it may “float” during momentary periods 
of undervoltage, but with undervoltage long con- 
tinued the helical spring 
returns the pin to the trip- 
ping position, the pin de- 
presses a trigger and the 
breaker is tripped. 

The duration of the time 
delay is determined by 
the distance of the spring- 
stop from the tripping 
position. The greater the 
distance, the longer the 
time. The spring-stop is 
mounted upon a small disk 
which may be locked at 
various points by one small 
set-screw. In relation to 
voltage, the time-delay 1s 
directly proportional; t.e., 
the lower the voltage, 
the shorter the time of 
delay. 

At zero voltage, the max- 
imum and minimum settings give time delays of 3 
and 1 seconds, respectively. At maximum drop-out 
voltage, which is 40 per cent of normal voltage, the 
time delays are 5 and 21% seconds, respectively. The 
motor uses 0.12 amp. at 220 volts. The device is 
built for any standard voltage and frequency. 
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Type LG-17 Indoor 


Disconnecting Switch 


Features— 


Heavy and uniform contact pressure— 
the switch blades are adjustable. 


Positive latching assured when the switch 
is closed. 


A single downward pull unlatches the 


Indoor Disconnecting blades and opens the switch. 
Switches 
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A MILLION MANPOWER 


One problem in designing this machine was to keep its 17 tons of copper windings electrically separate from its 36 tons of steel 
laminations and yet secure the integral rigidity necessary to enable the structure to withstand enormous internal 


mechanical forces. 


A description of this feature of transformer design in general appears on p. 420 
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Announcement of 


Consolidation 
of the 


Power Specialty Company 
and the 


Wheeler Condenser & Engineering Company 


under the new name of 


Foster Wheeler Corporation 


HIS combination of non-competitive interests 

operating in the same fields will effect material 
economies and betterments of importance to owners 
and purchasers of auxiliary power plant equipment 
and oil refinery apparatus. 


The time proven Foster, Wheeler and Aero products 
will be continued. 


The management of the new corporation will remain 
in the hands of those executives and engineers who 
have been responsible for the successful development 
of the products and organizations for more than 
twenty years. 


Foster Wheeler Corporation 


111 Broadway, New York, N. Y. 


Branches in principal cities of the United States, Montreal 
and Toronto, Canada; London, England 


Works: Carteret, N. J. Dansville and Newburgh, N. Y. St. Catherines, Ont., Canada and Egham, Surrey, England 
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AN IRRESISTIBLE FORCE AND AN IMMOVABLE BODY 


When an irresistible force meets an immovable 
body, then what? Perhaps both disappear in a burst 
of heat; which surmise is probably as good as any, 
and certainly as useless. 

Even the mighty mountain which for ages has 
given assurance of fixed massiveness may quite sud- 
denly be blasted apart and turned inside out by some 
internal caldron of volcanic force, which until then 
it had succeeded in resisting. Or, it may preserve 
its well-known sky line to the end of time by holding 
pent up this fiery force beneath it. All of which 
reminds us that, even in raw titanic Nature, great 
bodies are not always invulnerable to the attack of 
some force, and forces though of stupendous amount 
do not always have their own way. In other words, 
forces only appear to be irresistible and bodies 
immovable. 

Of man-made bodies and forces, super-battleships 
and large caliber guns probably represent the most 
magnificent combination. In this, engineering has 
waged an unending civil strife; and like the swings 
of a pendulum have come the developments of more 
destructive shells and better protective armor. 

Closer to our profession however lies the case of 
the large power transformer. Here, engineering is not 
divided against itself; for all endeavor is united to 
design this powerful machine so that all its work will 
be constructive. That the transformer accomplishes 
this purpose is a genuine marvel of balance, for inside it 
a regular bedlam is going on between forces of mag- 
netism and counter-magnetism, electricity and coun- 
ter-electricity. These give rise to mechanical forces 
that tend to disrupt the whole machine, though 
under normal operating conditions they are not extra- 
ordinarily difficult to restrain. 

It is the abnormal condition of short-circuit that 
applies the extreme test of severity, and in this test a 
seemingly irresistible force must be immovably 
withstood, and without damage, by the bodily 
structure of the transformer. 

This subject has been freely discussed by trans- 
former engineers for some twenty years. The prepara- 
tion of designs that are safe in this respect is no simple 


problem; and the fundamental laws governing the 
generation of these forces must be so thoroughly 
understood by the designer as to admit of accurate 
calculation, not only in simple designs but in designs 
that are made complex by the use of taps and ter- 
tiary windings now so very commonly provided. 
The occasions for a practical demonstration of the 
correctness of such designs are fortunately few, but 
designs correct in every detail are none the less 
necessary because of the disastrous results that may 
follow the failure of large units to withstand the 
shock of an exceptionally severe short-circuit. 

In this issue of the Review, the authors of the 
article “Mechanical Forces in Transformers’ mini- 
mize the use of mathematics in a novel and interesting 
presentation of the subject, using only such simplified 
formulas as are necessary to demonstrate the order 
of magnitude of the forces to be resisted in different 
parts of the transformer structure. 

If these forces in large units (which are comparable 
to the forces developed by the impact of heavy 
artillery) had to be resisted only by steel or even 
steel and copper, the problem would be quite within 
the realm of demonstrated military defence, but all 
these enormous forces must also be resisted by mate- 
rial of high dielectric strength. For such materials, 
engineers until recently could choose only between 
that which was either highly compressible or highly 
fragile. 

The necessity for an insulation combining the 
highest dielectric strength with mechanical charac- 
teristics comparable with copper and steel led to 
years of intensive research, from which has developed 
a process for manufacturing such a material that has 
since been named “Herkolite' (meaning stone wall). 

With such an insulating material available and a 
familiarity with the characteristics of all the other 
materials he uses, together with a thorough knowl- 
edge of how to calculate the short-circuit forces 
even in the most complex distribution of the trans- 
former’s ampere-turns, the designer can proceed with 
confidence to make the structure of his machine 
immovable under comparatively irresistible forces. 
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of the windings is radial, as is evident from Figs. 1 
and 2. (: 
The utility of the foregoing classification an 
distinction follows from the fact that the major 
electromagnetic forces acting between primary and 
secondary windings are perpendicular to their sur- 
faces, radial in concentric designs and axial in inter- 
leaved designs as will be discussed later in detail. 


FORCES IN CONCENTRIC DESIGNS 


The major forces occurring in ideal symmetrical 
designs are: 

(a) A radial force of repulsion between primary 
and secondary windings, tending to crush the inner 
coil and expand the outer coil, as shown in Fig. 3. 
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Fig. 2. Cross-sectional View of the Coil Structure in an Interleaved Disk Coil Winding 


(b) An axial force tending to compress the coils 
along their length, as shown in the same illustration. 


The Radial Force 

The tendency of the radial force is to make the 
outer coil circular, and if it is already circular the 
effect is merely to stretch the conductor without 
changing the shape of the coil. 

That the tendency of the outer coil is always to 
become circular under the action of the radial forces 
has been denied by some in the past, but its truth has 
been definitely proved recently by means of a small 
model transformer (Fig. 4) having a very flexible 
outer winding short-circuited upon itself. This model 
is designed to operate on a 125-volt circuit and draws 
about 10 amp. With current turned off, the flexible 
outer winding may be bent into, and left in, almost 
any shape desired. When the current is turned on, the 
coil instantly jumps into a circular shape. The test 
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may be repeated indefinitely. To determine if the 
shape of the inner (primary) coil has any controlling 
influence on the shape which the outer coil tends to 
take, both round and oval primary (inner) coils were 
tried. The result was found to be the same, the 
outer coil assuming a circular shape in both cases. 
The illustration shows the transformer equipped with 
a rigid, oval, primary (inner) coil. The flexible outer 
coil is shown in an oval shape ready for test: on 
application of voltage it instantly becomes circular. 
When the outer coil is circular in shape there is no 
bending stress in it. There is only tension, and this 
does no harm because it does not reach the elastic 
limit of the conductor. Hence, a circular outer coil of 
suitable dimensions is inherently strong for the radial 
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Fig. 3. Major Forces in Ideal 

Symmetrical Concentric 

Design 

forces without the aid of any mechanical supports. 
A non-circular outer coil is undesirable and unsafe in 
large power transformers, for the reason that the 
mechanical forces tending to change the coil into 
circular form during short-circuit are very liable to 
damage the insulation of the winding. It is a self- 
evident principle in design that wherever short- 
circuit forces are a factor the shape of the windings 
ought to be that which the windings themselves tend 
to assume under short-circuit forces. In miniature 
and distribution transformers the short-circuit forces 
are negligible and this restriction in design does not 
apply; but in power transformers, in which these 
forces are tremendous, this rule should be strictly 
followed and safety should not be sacrificed for 
manufacturing economy. 

The case of the non-circular inner coil is, in a way, 
worse than that of the non-circular outer coil. While 
in the non-circular outer coil any yielding under the 
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MECHANICAL FORCES IN TRANSFORMERS 


forces reduces the departure from circular form and 
the coil thus tends to attain a stable circular form, in 
the case of the non-circular inner coil any yielding 
under the stresses further increases the departure 
of the coil from circular form and weakens the coil 
still further. Fortunately, however, the inner coil has 
an advantage over the outer coil in that it can be 
more directly supported from the core-leg, thus reduc- 
ing to some extent the risk of damage. 

A method for the calculation of these forces has 
already been indicated. The 20,000-kv-a. transformer 
mentioned was of such a concentric design, on a two- 


Fig. 4. Model Transformer for Demonstrating the Action of 
Short-circuit Forces in Concentric Transformer Coils 


Fig. 5. Coil Construction Having Insufficient Thickness of Wall. 


The arrow indicates a point of failure 


legged core, and the 1,300,000-lb. pressure calculated 
for it was the radial pressure between primary and 
secondary windings for the two legs. Thin coils, 
especially non-circular coils, designed primarily to 
dissipate their heat freely, without due regard to 
mechanical strength, would be destroyed like egg- 
shells under such forces. 

The difference between weak and strong coil 
construction is illustrated in Figs. 1, 5 and 6. Note the 
frail, slender coil in Fig. 5 with almost knife-edge ends 
and little wall thickness, and compare it with the 
sturdiness of the stack of disk, high-voltage coils in 
Fig. 1 and the helical, low-voltage coil in Fig. 6 having 
large radial (wall) thickness and end-area. 

That these enormous forces are not more frequently 
destructive is due to the fact that they are distributed 
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over large areas. In the foregoing example the net 
coil surface on which the 1,300,000-lb. force acts 
is about 9,000 sq. in., making the pressure about 
145 lb. per sq. in. This new figure, however, must not 


lead us to under-estimate this force, because these 


solenoids correspond to pipes eight or nine feet 
in diameter. In hydraulic practice, cast-iron pipes 
would be wholly unable to withstand such high 
pressure, and welded steel pipes would have to be 
given a wall thickness of at least half an inch, riveted 
pipes much more. These allowances would be still 
further increased on the consideration that this large 
force is not gently and continuously applied but 
is repeated 50 to 120 times a second with water-ham- 
mer-like blows. The wall thickness of the high-voltage 
solenoid inthis transformer would be about four inches. 
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Fig. 6. Sturdy Construction of a Low-voltage Winding Obtained 
by Using a Helical Coil and Cloèely-spaced Supports 


The Axial Force 

Considering the axial compressive force, which 
tends to shorten the coils, an idea of its magnitude 
may be obtained by a comparison with the case of the 


radial force. 
Axial force D 


Radial force y L 


where D is the distance between the (magnetic) 
planes of primary and secondary, and L is the cylindri- 
cal length of the coils, as shown in Fig. 3. 

The value of D/L may vary from 1/8 to 1/25, and 
therefore the axial compressive force 1s usually a small 
fraction of the radial force. However, it must be 
considered that the end areas on which this axial 
force acts are usually very much smaller than the 
broad lateral surfaces on which the radial force acts. 
It is thus important that the coils have sufficient 
thickness and end-areas to support the axial forces, 
as otherwise the end turns may fail even before the 
coils fail as a column. 
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In the present example the length of the coils is 
about 83 in., making the ratio D/L=3.8/83 or 1/22. 
The axial compression on the coils is therefore 1/22 of 
1,300,000, or 60,000 lb. for the two legs or 30,000 lb. 
per leg. Two hollow cylinders (like transformer 
windings) to be able to support 30,000 lb. axially 
require considerable end-area; for it must be remem- 
bered that a winding is not a solid copper cylinder 
but an aggregation of many turns and these may slip 
past each other unless prevented by suitable design. 
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Fig. 7. Direction of Forces in Transformer Shown in Fig. 3 


When One of the Windings has Been Displaced 


- It might be remarked that not all of the total axial 
force calculated in the foregoing is exerted on the 
coils, a considerable portion of the force being 
taken up by the core-yokes because a portion of 
the leakage flux enters the yokes instead of hugging 
the coils. 

The two forces described are the only important 
forces acting in perfectly symmetrical designs. 

In an ideal concentric transformer, with primary 
and secondary solenoids of exactly equal length and 
assembled perfectly symmetrically, the foregoing are 
the only major forces, and there is no tendency for the 
coils to move bodily. Experience has taught, however, 
that small deviations from perfect symmetry produce 
surprisingly large forces, some of them more difficult 
to contend with than the normal forces of a theo- 
retically perfect symmetrical design. 


Effect of Dissymmetry 


Coils Shifted Axtally 

The total resultant force between two windings may 
be represented by a single force acting on their mag- 
netic ““centers of gravity,” approximately along the 
line joining their middle points, as shown in Fig. 7, 
along the line D for symmetrical arrangement of the 
two solenoids and along D’ for the displaced condition 
shown in Fig. 7. 
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It will be evident from Fig. 7 that the repulsion 
between primary and secondary along the line D’ will 
tend to shift them farther away from each other along 
their axes, exerting a pressure on the end-supports 
and edges of the windings. This may be called an 
‘“‘end-thrust’’ force or a ‘‘telescoping’’ force. Its 
magnitude for small displacements is surprisingly 
large and for purposes of illustration may be estimated 
as follows: 

For a first approximation, we may assume that a 
small axial displacement does not greatly alter the total 
repulsion between the two coils, as it changes the line 
D joining the middle points of the magnetic planes 
of the two coils in the symmetrical position (Fig. 7) 
into D’ in the unsymmetrical position. However, while 
D has no axial component, D’ has. Since the force 
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Fig. 8. An Exaggeration of the Barrel-type of Coil Winding 
Sometimes Encountered in Low-voltage, High-current 
Transformers. To attain perfect symmetry in 
this type of coil is impossible 


between the two coils must be along D’, it will have 
a radial component factor D/D’ and an axial compon- 
ent factor d/D’. Hence, 

Axial force d 

Radial force D 

Axial force d 

Total force D’ 

These relationships hold only for very small dis- 
placements, such as unavoidable inaccuracies in 
assembly. For large displacements such as would 
result from tapping a considerable portion of the 
winding from either end, more complicated formulas 
are involved. 
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Example: Assume that in the foregoing case the 
primary and secondary windings are off-center axially 
by one per cent of their length on one leg. The line 
joining the two centers will have an axial component of 

0.83 
V/0.832-+3.8* 

Assuming that the total force of repulsion is not 
sensibly changed by this one per cent displacement 
(which is quite reasonable to expect) then, with a total 
force of 1,300,000 lb. for the two legs, or 650,000 1b. 
per leg, there will be an axial ‘‘end-thrust’’ component 
equal to 21 per cent of 650,000 1b., t.e., over 136,000 
lb., tending to telescope the primary and secondary 
windings out of each other, pressing the ends of the 
windings against their supports. This figure is of 
course a very rough approximation on account of the 
inaccurate formula used which considerably exag- 
gerates the end-thrust force. Furthermore, an appre- 
ciable fraction of all the axial forces is taken up by 


, t.e., about 21 per cent. 


Fig. Ya Fig. 9b 
Fig. 9. Schematic Diagram of Two Methods of Making Taps on 
Concentric Windings. The method shown in (a) is improper; 
that in (b preserves the desired symmetry 


the yoke iron, so that this calculated figure is again 
too high. Precise advanced formulas show that this 
force is somewhat less than one-half of the foregoing 
value, or about 60,000 1b. 

A pressure of 60,000 lb. would impose severe duty 
even on a properly designed steel structure, and if 
brought to bear on the edges of thin coils (Fig. 5) 
would be destructive. One can readily appreciate, 
therefore, the importance of sturdy coil construction 
as illustrated in Figs. 1 and 6, especially in view 
of the fact that the conditions which bring such large 
forces into play are of the order of possible manufactur- 
ing errors and imperfections. Where weak construc- 
tions are used for considerations of economy, the 
chances are great that the same considerations of 
economy will also lead to considerable manufacturing 
imperfections, and it appears therefore desirable to 
adhere strictly to a genuinely sturdy construction, 
making allowance at the same time for the maximum 
manufacturing variation which is possible. 

Bad effects due to departure from good practice are 
considerably accentuated in those low-voltage high- 
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current transformers which are designed with thin 
barrel coils (Fig. 8). The turns in such windings tend 
to be very wide (having many conductors in parallel) 
and lead to a coil shape having very uneven ends. 
To expect “perfect symmetry” from such coils is im- 
possible. The real remedy for such cases is the helical 
coil construction (Fig. 6). 

If small deviations from perfect symmetry produce 
such large end-thrust forces in large power trans- 
formers, five or ten per cent taps taken from one end 
of a coil must certainly produce still larger forces. ‘) 
It is evident, therefore, that tapping concentric 
designs from one end (Fig. 9a) is a wrong procedure 
and that a winding should be tapped either from both 
ends simultaneously to maintain symmetry, or, 
better yet, it should be tapped from its middle 
(Fig. 9b) extending equally on both sides. If taps are 
taken out equally from both ends to avoid the end- 
thrust force, they result in another force, one tending 
to split off the projecting ends of the other coil, as 
will be discussed later. 

The end-thrust force produced by an unbalanced tap 
near the middle of the solenoid is only about one- 
quarter of the force produced by an equal unbalanced 
tap at the end. Thus, in the foregoing example, a 2.5 
per cent tap on one side of the middle of the coil 
will multiply this end-thrust force approximately by 


(==) times, giving 60,000 X 1.62 Ib.; or 97,000 Ib. 


When the tap to be taken out is large, even though 
at the center, it is advantageous to reduce the ampere- 
turns in the other winding opposite the break, not 
only from the standpoint of forces but also from those 
of reactance and stray losses. Another good practice 


is to distribute the taps as much as possible. 


Tapping from the middle rather than from the 
ends has another great advantage in that the taps 
are kept away from line surges, the end-sections of 
the windings having to bear the brunt of these 
surges and therefore require extra insulation. 

The end-thrust forces may be easily demonstrated 
with the aid of the transformer shown in Fig. 4. 
If the free (outer) coil is lifted so as to bring its center 
appreciably above that of the other coil, the free coil 
will be thrown up against the yokes and held there as 
long as the current is maintained. 


Coils Unequal in Length 


If one winding is considerably longer than the other, 
the projecting portions of the longer cylinder have a 
tendency to split-off from the main winding. Referring 
to Fig. 10, it will be seen that the ampere-turns in 
projections a of the longer coil will be attracted by the 
ampere-turns in its middle portion N and repelled by 
the ampere-turns in the shorter coil M. But the 


(2) These forces are not indefinitely increased by increase of dissymmetry, 
for beyond a certain point of dissymmetry the short-circuit forces begin 
to decrease due to a number of factors, the main factor being that the total 
repulsion 1s decreased by the increased distance between centers and by the 
reduced short-circuit current. 
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ampere-turns in M are greater than those in N by twice 
the ampere-turns in a, and hence the repulsion of M 
on a being stronger than the attraction of N, the 
projections tend to split off. As this splitting force is a 
differential one, its magnitude becomes of importance 
only for large percentage differences in the lengths of 
the two coils brought about either by taps or by 
faulty design. 


Coils Shifted Laterally, Axes Out Of Line 


A lateral displacement of one of the windings, shift- 
ing the axes of the two windings out of line from each 
other as shown in Fig. 11, results in what may be 
called a “centering” or “aligning” force which tends 
to bring back the coils into symmetry and their axes 
into alignment. The physical basis for this tendency 
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Fig. 10. Diagram of Windings of Unequal Length. 
This construction gives rise to a tendency of the 
projecting parts to split off from the remainder 


may be conceived of as follows. Due to a lateral 
displacement the coils are nearer on one side than on 
the other. Their repulsion is stronger on the side where 
they are nearer together and weaker on the side where 
they are farther apart, and thus the difference between 
these unequal repulsions on opposite sides results in 
an unbalanced force tending to align them. 

This centering or aligning force may be looked upon 
as a corrective or beneficial force, in contrast to the 
other forces which tend to accentuate any existing 
dissymmetry still further. This force, however, is 
probably of no practical importance in transformers, 
on account of the rarity of occasions calling it into play 
and also on account of its relatively small magnitude. 


FORCES IN INTERLEAVED DESIGNS 
The various forces in the concentric designs have 
their counterparts in interleaved designs, with this 
difference that their directions are at right angles, the 
axial forces in one corresponding to the radial forces 
in the other. l 


The Axial Force 

Fig. 2 is a perspective view of the cross-section 
of an interleaved design and Fig. 12 a diagram show- 
ing two primary and two secondary coils with arrows 
to indicate the major axial and radial forces. It will be 
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evident on inspection that the repulsion between 
primary and secondary windings is axial and is 
freely transmitted to the end supports which must 
therefore be very substantial to withstand the total 
major force acting on the coils. 

There is here a marked difference of theoretical 
interest between concentric and interleaved designs 
with respect to forces in that, while in an ideal 
symmetrical concentric design the major force of 
repulsion is taken up by the coils themselves and there 
is no force on the end supports, in the interleaved 
designs the entire force is transmitted to the supports. 

If the coils are separated from each other by solid 
spacers at intervals so as to allow circulation of oil 
between the coils (Fig. 2), as is standard practice 
with this type of construction, the coils will have 
some supported and some unsupported portions, and 
the latter will tend to be stressed transversely like a 
beam. The distance between supports and the thickness 


Fig. 11. Lateral Displacement of Winding. Due to 
the unbalanced repulsion of the radial forces, this 
condition tends to rectify itself 


of the coil (this usually is the width of the conductor) 
must be so proportioned that the conductor will not 
be strained beyond its elastic limit under this force. 

Various schemes of spacer-mounting are shown in 
Fig. 13, an examination of which will show that the 
most effective and uniform support is obtained by 
radial spacers, as in scheme (A), supporting every 
turn, while longitudinal spacers as in scheme (B) 
leave many of the conductors unsupported. Schemes 
(C), (D), and (E) partially overcome the difficulty 
by introducing radial components into the spacers at 
the expense of partial restriction of oil flow. 

The axial force to be supported by the clamps of an 
interleaved transformer may be illustrated as follows: 

Example: A certain single-phase, 60-cycle, 20,000- 
kv-a., 66,000-volt transformer of interleaved disk- 
coil design has 9.2 per cent reactance, with a short- 
circuit load of 20,000/0.092 or 217,000 kv-a. Note 
that this interleaved transformer has the same rating 
and reactance as the transformer in the concentric 
example and is therefore comparable with it. The 
short-circuit energy U involved is 


U = EE =423,000 ft-Ib., 


which is practically the same energy as in the case of 
the concentric transformer previously discussed. 
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The effective (magnetic) distance between primary 
and secondary windings in this transformer is 3.16 
in., or 0.263 ft., and therefore the total force will be 
423,000/0.263 1b., or about 1,600,000 1b., which is 
somewhat more than in the concentric transformer. 

Interleaved transformers are usually arranged 
with their windings in a number of groups®), the 
various groups resting against each other (Fig. 2) 
and resisting each other’s forces, so that the force 
transmitted to the clamps is not the sum of the 
forces of all the groups but that of only one group. 
It will be evident therefore that other things being 
equal the greater the number of groups the smaller 
will be the force on the clamps. In the present example 
there are 8 groups, and therefore the force on the 
clamps will be 1,600,000/8 = 200,000 lb. This is one- 
fifth of a million pounds pressure and must be sup- 
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Fig. 12. Major Axial and Radial Forces in Coils 


of an Interleaved Design 


ported by the clamps as it cannot be avoided by any 
amount of symmetry or perfection of manufacture. 
It may be interesting to note that the force on the 
clamps in this case is twice that calculated for the 
concentric transformer allowing for 1 per cent dis- 
symmetry and an additional 2.5 per cent unbalanced 
tap. Although it is true that in concentric transformers 
the force on the clamps varies with dissymmetry and 
taps, a similar condition is also true for the inter- 
leaved designs. In both instances, the force calculated 
is that for which a conservative designer would make 
provision. It may be stated asa general rule that the 
clamp-forces in comparable sizes are more in the inter- 
leaved type of design than in the concentric type. 
Considering the distribution of the force on the coil 
surface, we find that the surface exposed to the gap be- 
tween primary and secondary is about 2700 sq. in. and 
therefore the pressure will be 74 Ib. per sq. in. as com- 
pared with 145 lb. per sq. in. in the concentric design. 
Although the pressure per sq. in. on the surface of 
interleaved coils is smaller than on concentric coils, 
yet it must be realized that with circular concentric 
designs the conductor is stressed only lengthwise 
while in interleaved designs the conductor is stressed 
transversely like a beam (Fig. 13), and therefore the 
(3) For the purpose of this article we may define the combination of one 
primary and one secondary coil, such as P-S or S-P, a group. An arrange- 


ment like P-S—S-P would then be two groups; and an arrangement like 
P-S—S-P—P-S—S-P four groups, etc. 
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ability of the conductor to resist the major force is 
much greater in the concentric design than in the 
interleaved. It is important, therefore, that in the 
interleaved designs each conductor and strand 
be supported by a sufficient number of spacers to 
give its beam strength an adequate factor of safety 
for the short-circuit stresses. The superiority of the 
radial spacer arrangement (Scheme (A) in Fig. 13) 
over the longitudinal types will be better appreciated 
in the light of this discussion. 


The Radial Force 

As in concentric designs, so in interleaved designs, 
there is a compressive force on the coils as shown by 
the horizontal arrows in Fig. 12. The order of magni- 
tude of this force may be estimated in a manner 
similar to the case of concentric designs, viz., by 
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Fig. 13. Illustration Showing How Readily Circular Disk Coils 
Can be Supported Without Restriction to Oil Flow as 
Compared to Rectangular Coils 


the inverse ratio of the radial and axial dimensions of 


‘the magnetic circuit. Thus: 


Radial Force _ Effective Width of Field 
Axial Force Effective Length of Field 


In the present example, the ratio of the effective 
width of the field to the effective length of the field 
1s about 1:7; hence, the total compressive force is one- 
seventh of 200,000 lb. or approximately 28,600 lb. borne 
by 40 disks, making the force per disk about 700 Ib. 

Although these axial and radial forces of the ideal 
interleaved transformer are large, yet in well-designed 
transformers the strength necessary to withstand 
them is not very difficult to provide; and therefore, 
just as inconcentric designs, so in interleaved designs, 
the forces difficult to contend with are those arising 
from dissymmetry and imperfections of manufacture. 


Effects of Dissymmetry 
Axes Out of Line 

The repulsion between primary and secondary 
tends to increase any sidewise slip (Fig. 14) which 
may already exist, and the initial slip need not be 
large to give rise to a large slipping force, as may be 
seen in the following case. 

Example: Assume that the coils of the transformer 
in the previous example are rectangular in the pro- 
portion of 3:1, and assume also that the long sides of 
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a coil group (Fig. 14) have slipped a quarter of 
an inch along the short-sides. This makes the slip 
effective on three-quarters of the perimeter. The line 
D' joining the centers of the long sides of the adjacent 
coil-groups will then have a radial component factor 
of 0.25 divided by 3.2, t.e., about one-thirteenth. 
Therefore the repulsion between P and S will have a 
radial component of three-quarters of one-thirteenth 
of 200,000 lb., or 11,500 lb., about six tons. The 
seriousness of this force may be better appreciated 
if it is understood that, under the action of the axial 
repulsion, the coil stack slightly elongates due to the 
elastic yield of the end clamps, and then the inter- 
mediate coils fairly float without mechanical support. 
While thecoils are inthis semi-floating condition, a force 
of six tons pushes the unsymmetrical group sidewise. 

Dissymmetry of the foregoing type may arise from a 
variety of causes, as for instance, inaccuracy of 
assembly, or, in the case of high-current' transformers, 
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Fig. 14. Diagram Showing Tendency of Repulsion Between Primary 


and Secondary Coils to Increase Sidewise Slip 


uneven coil build due to, very wide (or high) conduc- 
tors (Fig. 15) consisting of many strands in parallel 
and leading to a coil build which is narrower on one 
side and bulging on the other. That even a small bulge 
of this kind may lead to a lateral slip under short- 
circuit forces has been verified by test. Fig. 16 shows 
one method of avoiding this fault, by distributing the 
strands of the coil-lead around the periphery of the coil. 
Small bulgesare very effectively corrected by this means. 
On the other hand, extra-heavy-current transformer 
coils, which would have only a few turns per coil and 
would thus bulge 25 to 50 per cent, are best designed 
as the helical coils illustrated in Fig. 17, the symmetry 
and strength of which far surpass any short-circuit 
stress that could possibly be put on them in practice. 


Unequal Mean Perimeters 

If the mean perimeter of one coil is larger than that 
of the other (Figs. 18 and 19) the force of repulsion 
will have two components, one axial tending to move 
the coils bodily as already seen, and the other radial, 
tending to.expand the larger coil and to crush the 
smaller coil. The effect of this force on a circular 
larger coil is only to stretch its conductors, and the 
fiber stress is never excessive. In a rectangular coil, 
however, this force acts to change the shape of the 
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coils, tending to make the larger coil circular and the 
smaller coil concave as shown in Fig. 18. 
That small differences in mean perimeters will give 


rise to large radial forces in rectangular coil designs 


may be realized by considering the fact that the ratio 
of the radial circularizing force to the major axial 
repulsion force is approximately equal to the ratio of 


Fig. 15. An Example of Dissymmetry Due to Uneven Coil Build in a 
Transformer Having Many Parallel Conductors Per Turn 


Fig. 16. 


A Method of Avoiding the Dissymmetry Shown in Fig. 15. 


the displacement between the two perimeters to the 
effective magnetic distance between primary and 
secondary windings, as will be evident from Fig. 19. 
Considering again the transformer used in the preced- 
ing example, if we assume that the set of low-voltage 
coils extend half an inch beyond the high-voltage coil 
radially, this makes the displacement between centers 
a quarter of an inch; and the radial component of the 
force on the long sides becomes six tons. This force 
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is largely concentrated on the outer turns of the 
wider coils. If one considers that these turns, no 
matter how tightly wound, always tend to bulge 
and make the rectangular coil “spongy” even at the 
time of its winding, one will appreciate how much 
more they will tend to bulge and damage the insulation 
of the coil when subjected to these large circulating 
forces. Whenever taps are to be made in non-circular 
coil designs it is necessary that entire coils be tapped 
out by bringing the tap leads from crossovers instead 
of from the middle of a coil. This, however, can sel- 


Fig. 17. Helical Coil for High-current Interleaved Disk 
Coil Transformer 


Fig. 18. The Effect of the Forces Shown in Fig. 19 Upon 
Coils of Rectangular Form 


dom be done when definite tap specifications have to 
be satisfied. Circular coils obviate this difficulty. 


Unequal Radial Build of Coils 


Fig. 20 shows the cross-sections of a pair of primary 
and secondary coils having the same axis and equal 
mean perimeters, but unequal builds. This is similar 
to the case of cylindrical coils which are concentric 
but have unequal lengths as shown in Fig. 10. In 
both types, the projecting portions tend to separate 
from the remainder of the coil. In circular interleaved 
designs, this tendency produces merely a tension in 
the conductors in the projecting parts; but in non- 
circular coils, this force tends to circularize and bulge 
the projecting parts as in the two preceding examples. 
The magnitude of the force is calculated similarly 
and is of the same large order. 
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Unequal Spacing Between Coils 

Fig. 21 shows an interleaved design in which the 
distance between primary and secondary is greater 
on one side than on the other, a case corresponding to 
the laterally displaced concentric design illustrated 


Fig. 19. Diagram Showing Forces Acting Between Coils 
of Unequal Mean Perimeter 


Fig. 20. Forces Acting Between Coaxial Primary and Secondary 
Coils of the Same Mean Perimeter but of Different Build. 
Compere with Fig. 10 
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Fig. 21. Forces Between Axially-displaced Primary and Secondary 
Coils of Interleaved Design. Note analogy to the case in Fig. 11 


in Fig. 11. In both cases, the repulsion on the side 
having the shorter distance is greater than on the 
other side and an unbalanced force results tending to 
equalize the spacings and thus center the coils. 
Although interesting theoretically, it probably has no 
practical significance. 


Effect of Cross-overs 
In high-current transformers the cross-overs may 
exert a considerable unsymmetrical mechanical force 
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on the coils. Even in medium-current transformers, 
effects of cross-overs have been observed. One pecu- 
liar effect is the rotation of a coil or coil group on its 
axis through an appreciable angle during short- 
circuit. It is obvious that when a coil group is par- 
tially floated by the axial magnetic forces, small 
radial forces may produce appreciable displacements. 


AA 


Fig. 22. One of the Transformers Used in a Series of Tests to Deter- 
mine the Mechanical Strength of Various Winding Constructions 


Other cases of dissymmetry may be thought of and 
are sometimes encountered in practice, but they are 
either rare and unimportant, or if important have no 
justification at all, and, therefore, need not be con- 
sidered here. 


IMPORTANCE OF STURDY INSULATION 

All turns, coils, and completed windings of trans- 
formers must be supported by insulation, and in 
general the mechanical forces brought to bear against 
the copper are transmitted to the supporting insula- 
tion. Therefore, in view of the large short-circuit 
forces involved, which tax the strength of the copper 
in the coils and the steel in the clamps, the importance 
of the mechanical strength of the insulation should be 
evident. Developmental work in recent years has 
resulted in a material called Herkolite, of remarkable 
dielectric and mechanical strength and other charac- 
teristics making it a most desirable insulation for this 
and other purposes. Y 


MECHANICAL STRENGTH AND DURATION 
OF SHORT CIRCUITS 
It will be recognized that no matter how strong a 
transformer is built, it cannot be left under short- 
circuit at rated primary voltage indefinitely on 
account of excessive heating. Usual guarantees for 
()Herkolite Insulating Materials in Transformers.” by W. S. Moody 


and V. M. Montsinger, GENERAL ELECTRIC REVIEW, Feb., 1926, p. 102; 
also Reprint GEA-389. 
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transformers cover a duration of two to five seconds 
depending on the per cent reactance of the transformer: 
the higher the reactance, the longer the permissible 
duration, for the same ultimate temperature rise under 
short-circuit. Two seconds is ample time for the 
operation of automatic circuit breakers, but if, for 
any reason, they should fail to operate, the copper 
will soften very rapidly and eventually melt. 

The softening of the conductor, during prolonged 
short circuits, reduces the mechanical strength and 
factor of safety of a transformer very seriously, and 
the forces which at ordinary temperatures might be 
claimed not serious may become destructive. This is 
particularly true of the various forces arising from 
dissymmetry, such as taps, imperfections of manu- 
facture, bulges, unequal widths, etc., especially in 
non-circular designs. 

This fact emphasizes, first, the importance of 
adhering to constructions which are fundamentally 
correct and free from objectionable forces, and, sec- 
ond, the desirability of a wide margin of safety in the 
rate of short-circuit temperature rise of the windings. 

The higher the reactance of a transformer, the 
smaller is its short-circuit current; and consequently 


Fig. 23. A Transformer of Concentric Design which Withstood 
Stress Aggregating Three Times Maximum Short-circuit 
Stress at Normal Voltage 


the short-circuit forces are less and the rate of heating 
under short-circuit is lower. 

The margin of safety of a transformer under short- 
circuit increases, therefore, very fast with increase in 
its reactance. 

High reactance, however, has the disadvantages of 
poorer regulation for low power-factor loads, and an 


MECHANICAL FORCES IN TRANSFORMERS 


operator may be tempted to specify a low-reactance 
transformer for the sake of a slightly better regulation 
at the risk of reduced safety on short-circuit. 

It should be carefully noted, however, that while 
regulation can be corrected in a number of ways, as for 
instance, by voltage regulators, or by correcting the 
power-factor of the load at or near the load by either 
capacitors or synchronous condensers, safety under 
short-circuit cannot be obtained except by either 
sufficient reactance or by an uneconomically expensive 
design. In a number of the older installations the 
operating engineers have deemed it advisable to 
protect their apparatus by installing power-limiting 
reactors, because the transformers were originally 
purchased with low reactance for the sake of regula- 
tion. 1t is becoming more and more recognized by 
operating engineers that it is not good policy to 
reduce the factor of safety for the sake of a slightly 
better regulation, that the system should have suffi- 
cient inherent reactance to be completely self-protec- 
tive with an ample margin of safety, and that regula- 
tion should be taken care of by auxiliary apparatus. 
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A Transformer Having Same Strength as That 
Shown in Fig. 23 but of Later Design 


Fig. 24. 


TESTS 

A number of years ago short-circuit tests were made 
on representative transformer designs to verify their 
strength and to study the behavior of certain details 
of designs, as follows: 

(1) Three 25-cycle, 500-kv-a. transformers (equiv- 
alent to 1200-kv-a., 60-cycle transformers) and one 
25-cycle, 600-kv-a. transformer of interleaved disk 
coil construction were given over one hundred short- 
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circuit tests with various coil and construction details 
to study their characteristics. It was observed that 
when the coils were wound and assembled symmetri- 
cally the transformers withstood short-circuit at 
rated voltage without any injury. A view of one of 
these transformers and auxiliaries is shown in Fig. 22. 


Fig. 25. Another Survivor of Many Short-circuit Tests 
at Normal Voltages 


The power for these tests was furnished by a turbine- 
alternator capable of delivering 300,000 kv-a. on 
short-circuit. 

(2) As representative of another standard trans- 
former construction, viz., the concentric design (the 
construction favored for high-voltage transformers), 
eleven short-circuit tests were made on a 60-cycle, 
100-kv-a., 33,000-volt transformer of high-voltage 
disk, low-voltage barrel type construction, having an 
impedance of 3.73 per cent. This transformer (Fig. 23) 
withstood a sustained stress three times the maximum 
short-circuit stress at normal voltage. Short-circuit 
tests were repeated at higher and higher voltages 
until the transformer broke down under a force which 
was found from oscillograms to have an initial value 
of 14 times and a sustained value of 6 times the 
maximum short-circuit stress at rated voltage. This 
transformer had a two-legged core. As the result of 
subsequent improvements in the art, the present 
design for this rating is built on a four-part distributed 
core as shown in Fig. 24. 

(3) A 60-cycle, 200-kv-a., 11,000-volt transformer, 
shown in Fig. 25, withstood repeated short circuits 
at rated voltage. 
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The Collection of Current from Overhead 
Contact Wires’ 


Tests and Test Equipment—Various Types of Suspension—Advantages and Disadvantages 
of Each —Summary of Test Results 


By R. E. WADE and J. J. LINEBAUGH 
Railway Equipment Engineering Department Railway Engineering Department 
General Electric Company 


HE problem of transferring 
current from overhead con- 
tact wires to moving cars 
and locomotives is one which can- 
not be solved by mathematics or 
laboratory tests. Neither can con- 
clusions as to the limits of cur- 
rent collection be reached by 
experience on any particular in- 
stallation. Thus there has been 
considerable discussion as to the 
amount of current that can be 
successfully collected from an 
overhead contact system. 

Except for street railways, op- 
erating experience has been con- 
fined to the heavier types of interurban service, with 
current values of 300 to 800 amp., and to heavy 
traction such as the Chicago, Milwaukee & St. Paul 
Railway, where the normal current collected with 
single pantograph varies from 800 to 1000 amp., with 
a maximum of about 1500. 

A study of the subject has disclosed many factors 
to be taken into account and that each of these factors 


is subject to considerable variation due to design, 


maintenance methods, or both; also that certain fac- 
tors are essential for successful current collection on 
any given installation. 

In view of the nature of the problem and the gen- 
eral interest in probable future requirements, a series 
of tests") was conducted with the object of securing 
information as tothe maximum amount of current that 
could be successfully collected from overhead contact 
wires, under the conditions which are described later. 


Nature of Tests 

Due to the fact that the capacity of the substation 
supplying power was limited to 6000 kw., tests were 
made at 850 and 1500 volts, using the lower voltage 
for the higher currents. Comparative collection tests 
were made at &50 and 1500 volts under identical con- 
ditions which clearly indicated that the voltage of 
contact line makes no difference in the collection of 
current so long as the voltage is more than adequate 


* This article was presented as a paper by the authors at the Summer 
Convention of the E., at Detroit, Mich., June 20-24, 1927. 

(1) These tests were made on the East Erie Commercial Railroad at Erie, 
Pa., in July, 1923, in conjunction with the New York Central Railroad and 
the Cleveland Union Terminals Company. They are described in "Record 
Breaking Current Collection Tests at Erie,” by W. D. Bearce, GENERAL 
ELECTRIC REVIEW, September, 1923, p. 619. 


When consideration was being 
given to various means of collect- 
ing the increasingly heavy currents 
that might be required in new 
matin-line electrifications, the suc- 
cessful demonstration which is 


described in this article dispelled ` 
any fear that current collecting 


might become the 
bottle” of energy supply. A cur- 
rent of 5000 amp. was collected ty 
one pantograph at speeds of 60 
miles per hour.— EDITOR 


to maintain any arc that might 
occur between contact wire and 
pantograph. 

Tests were also made to ap- 
proximate conditions existing un- 
der prolonged acceleration peri- 
ods, and to determine the tem- 
perature rise in various members 
of the contact system and in the 
collector. 

With each change in contact 
wire arrangement and suspension, 
tests were started with low cur- 
rent values and at low speed and 
gradually worked up to maximum 
allowable values. A number of 
duplicate runs were made at maximum values to 
check the final results. 


“neck in the 


Testing Equipment 

In order to make the tests contemplated, it was 
necessary to make certain changes in existing equip- 
ment and provide other equipment. 

The various items of equipment provided and tried 
out, methods of making tests, the final type of over- 
head contact system selected for demonstration pur- 
poses, and the general conclusions reached following 
the tests and demonstrations are described under 
appropriate headings in this article. 


Power Supply 


Current was obtained from the substation used to 
supply power to the test track. The equipment con- 
sists of two synchronous motor-generator sets with 
switching arranged so that the generators could be 
used to supply any trolley potential from 600 to 3000 
volts. One set with rating of 1000 kw. consists of two 
500-kw., 1500,3000-volt generators direct-connected 
to a synchronous motor. The second unit is of similar 
construction, consisting of two 750-kw., 1500/3000- 
volt generators. Full capacity could be obtained with 
series and parallel connections and lower voltages by 
adjusting the generator field rheostats. Both sets are 
designed to carry three times normal load for five min- 
utes or a total of 6000 kw. This substation is located 
approximately 0.9 miles from the west end and four 
miles from east end of the track. Power was supplied to 
the overhead line through a 1,000,000-cir. mil feeder. 
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Test Train 


A special test train (Fig. 1) was assembled to be 
drawn by a 110-ton gearless locomotive capable of 


operating at speeds up to 70 miles per hour with 
either 600 or 1500 volts. As the weight of this train 


Fig. 1. Test Train Consisting of Locomotive, Gondola 
and Observation Car 
5 
<a 
ga 
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6000 amp. at 850 volts and 4500 amp. at 1500 volts. 
It was also possible to obtain load at 3000 volts, 
although only a few runs were made at this voltage. 
The two pantographs were installed 57 ft. apart, 
which was considered representative spacing for a 
two-unit locomotive. 


Track 

The track used for general testing is 4.15 miles 
in length and is laid with 100-lb. rail in slag 
ballast. 

Of this total length, about two miles were used 
for high-speed running, while testing and demon- 
strating. The remainder was used for acceleration 
and retardation. 

Fig. 2 shows the section of track used for high-speed 
running and current collection. 
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Fig. 3. One of the Towers Erected Alongside the Test Track to 
Facilitate the Making of Observations During the Tests 


was not sufficient to give the current desired, iron 
grid rheostats with contactors and switches arranged 
to give the additional current required for the tests 
were assembled in the gondola car. By means of this 
equipment, it was possible to obtain any load up to 


Type of Structure 
Structures 


Laced Column Bridges 


Loced Chonnel 


Section of Track Used for Tests, and Final Data on Overhead Construction 


Observation Towers 


In addition to an observation car, it was decided 
to make the unusual provision of observation towers, 
There were five towers (Fig. 3), located as shown 
in Fig. 2. The platform, capable of accommodating 
12 to 15 people, was located at a height which placed 
the eyes of the average observer slightly higher than 
the contact wires and collector shoes, and provided 
an unobstructed view of all the parts entering into 
current collection, when the test train was approach- 
ing, passing, and leaving. The towers were located as 
close to the track as permitted by clearance require- 
ments. 

An added feature in this connection consisted in 
studies which were made at night when the slightest 
spark between wire and shoe could be detected from 
these points of vantage. 


Overhead Contact System 


The existing contact system, within the limits 
selected for high speed and current collection in the 
contemplated tests, was not suitable for the purpose, 
since it was constructed with more or less antiquated 
fittings and was not in first-class condition. 


434 September, 1927 


In order to supply current for a series of new tests, 
a 1,000,000-cir. mil feeder was installed from a point 
about 620 ft. west of the substation tap to a point 
about 3580 ft. east of this tap. The old 750,000-cir. 
mil feeder was used for extension from the latter point 
to the east end of high-speed territory, a distance of 
5400 ft. 
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(d) Between points 4 and 5, 1200 ft. Three 4/0 
wires, loop-hanger suspension, (C), Fig. 4. Also 
Fig. 8 

(e) Between points 5 and 6, clamp suspension, 
600 ft., (A) and (B), Fig. 9. Also Fig. 10. 

(f) Between points 6 and 7, 2400 ft. Two 4/0 
wires, loop-hanger suspension, (A), Fig. 4. Also Fig. 5 
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Fig. 4. 


General Design of Contact System. On account of 
the heavy current values contemplated, it was thought 
advisable to shorten and simplify the taps between 
feeder and contact wires as much as possible, and to 
reconstruct with a compound catenary, suspending 
the feeder from the messenger and the contact wires 
from this feeder messenger. With the length of span 
adopted (300 ft.), 9-in., high-strength steel cable 
was selected for the messenger. The feeder messenger 
was suspended from the messenger by means of 
hangers made of No. 2 A. W. G. solid, hard-drawn 
copper, with bronze clamps for attachment to mes- 
senger and feeder messenger. 

Contact Wire Arrangements and Suspensions. The 
first installation included several arrangements of 
contact wires and methods of suspension, described 
as follows and referred to in Fig. 2. The table in this 
illustration gives the final arrangement. 

(a) Between points 1 and 2,3600 ft. Two 4/0 wires, 
loop-hanger suspension, (A), Fig. 4. Also Fig. 5. 

(b) Between points 2 and 3, 600 ft. Two 4/0 wires, 
laced suspension, (A) and (B), Fig. 6. Also Fig. 7. 

(c) Between points 3 and 4, 1200 ft. Two 6/0 
wires, loop-hanger suspension, (B), Fig. 4 


Loop-hanger Suspension 


Fig. 5. Loop-Fanger Suspension with Two 4/0 Contact Wires 


Short sections of two additional types of contact 
wire suspension were installed during preliminary 
tests, v1z.. 

(g) Cable-hanger suspension, 
photograph in Fig. 11. 

(h) Twin laced suspension with which the two 
contact wires were suspended by independent lacings, 


illustrated by the 
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from symmetrical yokes attached to feeder messen- 
ger, locating them about 314 in. apart and in the same 
horizontal plane. 

Feed Taps. Loop-hanger suspension, (a) and (f), 
required feed tap connections (Fig. 12), which were 
installed at the center of each span, or 300 ft. apart. 
The feed tap cable was of 4/0 copper with 19 wires. 

Reasons for the Several Contact Wire Arrangements. 
— The selection of two contact wires, in the same 
horizontal plane, was due to previous experiments 
and actual experience on the Chicago, Milwaukee & 
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The installation of two 6/0 wires was made to ob- 
tain information as to the handling and performance 
of this size wire as a contact member: first, on account 
of its having been proposed by several foreign engi- 
neers; second, to try out this method of increasing 
cross-section should the two 4/0 wires show undesir- 
able temperature rise; and third, to study the effect 
of the additional weight in contact wires. 

The installation of three 4/0 wires was made on 
account of the possible need for more cross-section 
and more contact surface and, further, to get 
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Fig. 6. Laced Suspension 


Laced Suspension. (Outside Rail for Testing 
Wide-gauge Locomotives) 


Fig 7. 


St. Paul Railway and other lines where current col- 
lected was of considerable amount. The main virtue of 
this arrangement, in addition to the increased contact 
surface, is that with alternate or staggered suspension 
of the two wires the collector shoe is always in contact 
with two wires; and one wire is always without any 
additional weight, due to hangers or other fittings. 
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Fig. 8. Loop-hanger Suspension with Two 4/0 Contact Wires 


experience with factors arising in connection with their 
use, including the effects of additional weight. 


Methods of Making Tests and Basis for Conclusions 

With the several types of contact wire arrangement 
and suspension in place, for any given set of test runs, 
the remaining fixed factor was line voltage. Those 
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subject to change were speed, amount of current col- 
lected, number of pantographs, and pantograph 
pressure. 

The observation towers and their location per- 
mitted direct comparison between the performance of 
different types of overhead construction with a certain 
line voltage and any desired combination of the 
variables. 


GENERAL ELECTRIC REVIEW 


Vol. 30, No. 9 


messenger, and two 4/0 A. W. G. copper contact wires 
in the same horizontal plane, during an operating 
period of 11 years, and a total of 650 route miles, has 
had about three interruptions on account of the 
messenger being burned at loop-hangers. These cases 
were all due to defective feed tap clamps at contact 
wire shunting the current through the steel messen- 
ger. General replacement of these clamps was made 
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Independent and simultaneous observations were 
made by four or five individuals from the same tower, 
and such observations made from several towers for 
each principal condition, so as to cover various types 
of construction and track alignment. Satisfactory 
collection was fixed upon as being practically spark- 
less collection when so observed at night and when 
looking down on top of the collector shoes. 


Results of Experiments with Contact Wire Suspension 

The original layout contemplated the general use 
of loop-hanger suspension (a), (c), (d), and (f), and 
the short section of clamp suspension (e). During the 
early stages of the test runs, short sections of laced 
suspension (b) and cable-hanger suspension (g) were 
installed and compared with loop-hanger and clamp 
suspension, with the results given below. 


Loop-hanger Suspension (a) and (f) 


This type of suspension was selected for the larger 
portion of the work on account of its flexibility and 
because it was being successfully used when currents 
of considerable magnitude were encountered in regu- 
lar service, though smaller in value than the heavy 
currents contemplated in this case. 

With the general construction used for these tests, 
loop hangers with feed taps spaced 300 ft. apart pro- 
vided the necessary conductivity between feeder 
messenger and contact wires for current values not in 
excess of 2500 amp. 

The Chicago, Milwaukee & St. Paul Railway, using 
simple catenary construction, with loop hangers, steel 


300 AD 


Clamp Suspension 


with an improved design and no further trouble of 
this kind has been experienced. Other roads equipped 
with the improved clamp have not experienced this 
trouble. 


Fig. 10. Clamp Suspension 


Laced Suspension (b) 


This method of suspension offered flexibility in the 
line comparable with that of loop hangers and the 
added feature of very frequent taps to feeder messen- 
ger and cross taps between contact wires. The first 
trial was made with two feeder hanger spacings, 30 ft. 
and 15 ft., with a minimum distance of six inches 
between top of contact wires and under side of feeder 
messenger. A few test runs indicated that the section 
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with the shorter hanger spacing gave better collection. 
Comparison with other types of suspension tested 
brought about the conclusion that the laced suspen- 
sion provided the best conductivity between feeder 
and contact wires for the collect:on of the amount of 
current contemplated, and it was therefore adopted 
for further test runs and demonstrations. 


Clamp Suspension (e) 

This design possessed the following features: Direct 
connection between contact wires and feeder messen- 
ger, the use of clamps instead of more expensive 
hangers or clamps and lacing, and the possibility 
of operating contact wires at comparatively low ten- 
sion. After a few test runs this design was dismissed 
from further consideration for the purpose in hand. 
With two contact wires the lift was such that the 
pantograph shoes struck the feeder messenger clamps. 
While an increase in number of wires would tend to 
reduce the lift, the complication accompanying addi- 
tional wires and the fact that one shoe would, with 
any number of wires, make contact with only one 
wire throughout a great part of the line, did not en- 
courage further investigation at that time. 


Cable-hanger Suspension (g) 


About 150 ft. of line was equipped with these 
hangers, spaced 15 ft. apart, or 30 ft. on each contact 
wire. For test purposes, hangers were made of 1/0 
B & S flexible copper strand, and the contact wire 
clamps used with laced suspension. Attachment to the 
feeder messenger was made by copper wire wrapping. 


Fig. 11. 


Cable-hanger Suspension 


This suspension approached laced construction in 
general principle but showed no improvement over 
the simpler laced construction and the design was 
therefore eliminated. 


Twin Laced Suspension (h) 

The trial of this suspension, incidental to collection 
trouble with laced suspension on a one-degree curve, 
was made during the early stages of the tests. The 
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design was never given serious consideration on 
account of inherent faults, including the expense of 
two lacings, the special yokes for attachment to 
feeder messenger, which would also be expensive and 
difficult to maintain in any desired plane. 


Results of Experiments with Contact Wire Arrangements 
Shortly before the completion of test runs and the 

demonstrations of current collection, it was decided 

that two 4/0 contact wires in the same horizontal 


Fig. 12. Feed Tap with Loop-hanger Suspension 


plane with proper suspension and tension provided 
the necessary cross-section, contact surface, and 
weight for current collection covered by the tests. 

While the experience gained with 6/0 contact wire 
was limited to a very small amount, the condition of 
the wire, as installed, was never satisfactory owing 
to long kinks, presumably due to winding on the reel. 
While this trouble may be avoided by using a reel 
with proper drum diameter, the general impression 
was that wire of this size should be passed through a 
wire straightener, mounted on the tower car, as it is 
strung. However, there seems to be no reason for 
adopting this special and undesirable size of wire. 

While no particular trouble was encountered in 
connection with the three 4/0 contact wires, there was 
no indication of the additional wire being required, 
and its use would certainly complicate the contact 
system and introduce the undesirable requirement of 
maintaining approximately even tension in three 
wires instead of two in order to get the best results. 

Table I furnishes data as to the contact system 
finally used for tests and demonstrations: 


TABLE I 
Member Material Size bid hay a 

Messenger....... H.S. Steel. 54 in. 0.8 
Feeder Messenger.|Copper 1,000,000 cir. mils 3.1 
Feeder Messenger.|Copper 750,000 “ “ 2.325 
LACIÓN i ii beis Copper 105,000 “ “ 0.322 
Contact wire 1. . .|Copper 211,000 >> * 0.64 
Contact wire 2. . .|Copper 211,600 “ “ 0.64 


After the completion of the tests it was decided 
that the arrangement with laced suspension for 
single and double contact wires should be as shown 
in Fig. 13. 
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Contact System on Curves 

All curve work in the original installation was fitted 
with loop-hanger suspension for contact wires, and 
both feeder and contact wire hangers were inclined, 
as shown in Fig. 14. This illustration also shows the 
feeder connection at the substation, consisting of one 
1,000,000-cir. mil. cable, which supplied current to 
the line for all tests including heat runs. 
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contact system was trimmed in chords with pull-offs 
located 150 ft. apart, as shown in Fig. 15. The final 
combination of laced and chord construction gave 
practically sparkless current collection. 


Contact Wire Tension 
As originally installed, contact wires had a tension 
of 1000 lb. at 70 deg. F. Before tests were completed, 
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Fig. 13. Catenary Construction Laced Suspension for Contact Wires 
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Fig. 14. 


Loop-hanger Suspension on Curve Showing Inclined 
Messenger Construction 


Current collection on this curve construction, as 
experimentally installed, in combination with other 
factors affecting current collection, was not satisfac- 
tory on account of arcing. Laced suspension with an 
inclined messenger gave the same results. No further 
studies were made with inclined hangers; but the 


y 


Fig. 15. 


Laced-type Suspension on Curve Showing Chord Construc- 
tion and 1,000,000-cir. mil Feeder Connection 


this tension was considerably below that value due 
to seasonal increase in temperature and many 
changes made in line construction. When curve work 
was finally adjusted, late in June, the tension was 
increased to 1300 or 1400 lb. at 70 deg. F. which 
improved the collection throughout. 
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Collectors 

The collector used throughout for test runs and 
demonstrations was a standard slider trolley (Fig. 16) 
with certain modifications mentioned later. 

The collector consists of two flexibly mounted con- 
tact shoes on top of a jointed diamond or pantograph 
frame, the frame being constructed of Shelby tubing 
with malleable iron joint castings so hinged together 
that it can readily expand or contract to suit varia- 
tions in height of contact wires. 

The collector is expanded or raised to its operating 
position by means of four large coil springs attached 
to cams mounted on the same hinge shaft as the bot- 
tom part of the diamond frame. Two of these springs 
are energized and permanently attached to the base of 
the collector for balancing approximately the dead 
load of the moving parts. The other two are con- 
nected to air cylinders by means of which they can 
be energized or de-energized at will. 

The small irregularities in the overhead are taken 
care of by the flexibility of the contact shoes. Each 
shoe is independently hinged on two spring-supported 
cams which allow it to rise and lower two inches inde- 
pendent of the main or diamond frame. The contact 
shoes are composed of sheet-steel pans with sheet- 
steel horns attached to each end for picking up the 
siding wires. The wearing strips are of hard-drawn 
copper, * in. thick and 13; in. wide, having one edge 
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is filled with a lubricant for preventing rapid deteriora- 
tion of both strips and contact wire. The shoes are 
shown in plan ard elevation in Fig. 17. 

The standard collector has a rated continuous 
capacity of 1000 amp., or 2000 amp. for two minutes, 
and is suitable for speeds up to 60 miles per hour. 


Fig. 16. Pantograph Used for Current Collection Tests, as Mounted 
on Wooden Structure in the Gondola Carrying the Grids 


In order to bring the capacity up to the heavy cur- 
rent requirements, the collectors were fitted with 
additional shunts around each bearing and a flat 
copper strip along one side of both top and bottom 


Fig. 17. Plan and Elevation of the Pantograph Shoes 


bent over slightly to prevent fouling, leaving approxi- 
mately 34 in. of flat surface width. On each side of 
each pan is one long, renewable wearing strip; and 
in the middle of each pan, where most of the wear is 
concentrated between the outside strips, two short, 
renewable wearing strips are provided. This gives at 
the middle section of each shoe a line contact of 
approximately three inches, or a total of six inches 
for both shoes. The space between the wearing strips 


frame arms. The additional weight imposed by this 
copper necessitated increasing the capacity of the 
balancing springs. . 

As far as mere principle of design goes, however, 
a standard collector was used; and the only special 
precaution taken was to surface the wearing strips 
on an em.ery-covered face plate after assembly, which 
should be done in regular practice regardless of cur- 
rent values. 
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Collector Pressure 

During the testing period, collector pressures vary- 
ing between 19 and 43 lb. were used. Reference to 
Table II, which is a list of test runs, shows that the 
pressure finally used for the collector and contact sys- 
tem dealt with was about 40 lb. This pressure was 
necessary on account of the increased moving weight 
due to copper shunts and strips. 


Current Collection Tests 

The data given in Table Il are for a group of repre- 
sentative test runs with both 850 and 1500 volts, 
using the type of contact system finally adopted. 
More than 350 test runs were made and records kept 
in connection with all runs. 


TABLE Il 
DATA ON COLLECTION TESTS 


Test Am Speed Volt e Pressur 
No. p p olts Cole ls ssure 
125 5000 50 850 1 32.5 

150 5000 50 850 1 30 

160 6000 50 850 2 35 33 
161 6000 50 850 2 35 33 
162 6000 50 850 2 35 33 
164 5100 50 850 2 35 33 
172 5200 54 850 2 35 37 
173 5200 54 850 2 35 37 
224 5100 65 850 1 37.5 

225 5000 60 850 1 37.5 

227 5100 60 850 1 37.5 

232 5200 50 850 2 39 40.5 
240 5000 50 850 1 40.5 

244 5000 55 850 1 40.5 

249 5300 57 850 1 40.5 

250 5400 56 850 2 40.5 42 
254 5300 57 850 1 39.5 

255 5300 58 850 1 39.5 

256 5800 53 850 2 39.5 42 
257 5800 55 850 2 39.5 42 
278 5500 58 850 2 34.5 

280 5400 58 850 1 34.5 

96 4300 32 1500 2 32.5 34.5 
110 4000 52 1500 2 32.5 34.5 
191 4200 48 1500 2 39 40.5 
192 4000 48 1500 2 39 40.5 
198 4500 40 1500 1 39 

200 3000 60 1500 1 39 

259 4500 46 1500 1 39.5 

261 4150 48 1500 1 39.5 

281 4500 50 1500 1 39.5 

282 4600 52 1500 1 39.5 


Temperature Tests 

Temperature tests were made to determine the 
heating of the contact wire, feeder, messenger, panto- 
graph shoe, etc., in order to definitely establish the 
fact that it is possible to conduct heavy currents to 
a locomotive. These tests were made on the laced 
overhead trolley construction as shown in Fig. 7. 
The feeder in this section is a 1,000,000-cir. mil cop- 
per conductor acting as a messenger. 

The general arrangement of the test train, location 
of pantographs and overhead construction is shown 
in Fig. 18. The thermometers were placed on the con- 
tact wire, feeder, lacing, and messenger near lac ngs. 

Test No. 1 (Table III): This test was made with 
both pantographs raised and current maintained at 
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approximately 5200 amp. for five minutes. Nine read- 
ings were taken at one-minute intervals, the first five 
being taken while current was flowing and the last 
four after the circuit was interrupted. A maximum 
temperature rise of 67 deg. C. was obtained on the 
contact wire near pantograph 2, lacing 23. 

Test No. 2 (Table III): This test was made with 
one pantograph located near lacing 23 with approxi- 
mately 5200 amp. for five minutes. Ten readings were 
taken, five while current was flowing and five after 
interruption of the circuit. A maximum temperature 
rise of 101 deg. C. was obtained on the contact wire 
near the pantograph. 

These tests do not reproduce exact operating con- 
ditions after a train has started but might apply while 
TABLE IN 
TEMPERATURE TEST DATA 
TEsT No. 1 


5200 Amp. for Approximately Five Minutes, Two Panto- 
graphs. Maximum Temperature Rise in Deg. C. 


Thermometer | PANTOGRAPH DISTANCE FROM PANTOGRAPH NO. 1 


Location —_—_——— 
No. 1| No. 2| 127.5 ft. | 150 ft. | 195 ft. | 217 34 ft.| 15 ft.* 
Feeder..... 4 | 28 | 27.2 | 30 27.5 27 1.0 
Lacing..... 12 | 33 | 13.5 | 13.5] 14.5 13 E 
Cont'ct wire] 35 | 67 | 31.0 | 28.4 | 29.0 21 4.2 
Shoes...... 10 17 by a oy aa m 


Temperature of air, 25 deg. C. 


Test No. 2 


5200 Amp. for Approximately Five Minut2s, One Panto- 
graph. Maximum Temperature Rise in Deg. C. 


AT 


Thermometer |PANTOGRAPH DISTANCE FROM PANTOGRAPH NO. 1 


cation oe ee 
No. 1| No. 2) 127.5 ft. | 150 ft. | 195 ft. |217 34 ft.| 15 ft.* 
Feeder..... 29 |40.5; 31 30 28.5 | 28.0 115 
Lacing..... 55 118.0] 16.0 | 15.6 | 16.0 14 ea 
Cont'ct wire} 101 |36.0| 28 29.2 | 30.5 | 23.5 27 
Shoes...... 63 | .. . as sy Sa we 


Temperature of air, 25 deg. C. 
*Thermometer location on opposite side from source of power. 


the locomotive is standing still, attempting to start a 
train. The temperatures obtained are so low, and the 
current and time used in the tests so high, that they 
clearly indicate that no trouble would be experienced 
due to overheating of the distributing, contact, or 
collecting equipment. 


Burn-off Tests 

These tests were made to determine the amount of 
burning which might be obtained if the pantograph 
should start to drop while carrying heavy current 
and for some reason was checked and held in position 
a few inches from the contact wire. These tests were 
made with the locomotive standing still. While differ- 
ent amounts of current were passing through the 
contact wire and pantograph, the pantograph was 
released, stopped and held. A potential of 1500 volts 
was held on the contact wire throughout the tests. 
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Twenty tests of this kind were made, with current 
reaching a maximum of 4400 amp., the maximum 
drop of the pantograph being 17 inches and the mini- 
mum one inch. In no case was the contact wire or 
pantograph seriously damaged. A pantograph was 
also dropped without checking, while carrying 5000 
amp., at 850 volts, without serious damage. 

Several tests were made interrupting 4000 amp. at 
1500 volts with the locomotive control arranged 
so that if the pantograph should begin to drop, 
due to low-air pressure, a pressure relay on the 
locomotive would open the main breaker and inter- 
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Contact Wire Lubrication. Experience gained by 
these tests and on lines equipped with the same or 
similar type of pantograph shows that a very thin 
film of lubricant should be maintained on the under 
side of the contact wire and that there is no difficulty 
in this connection provided the pantograph shoes are 
properly lubricated. 

It is interesting to note that contact resistance 
between wire and shoe is decreased when lubricant is 
used. This is probably due to elimination of chatter- 
ing and actual glazing of the contact wire and wearing 
strips of the pantograph shoes. 
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Fig. 18. Arrangement of Equipment for Temperature Tests 


rupt the circuit. With this system of control, there 
was no sparking at pantographs. 


Conclusions 

Contact System Design. Contact systems, in actual 
use for heavy traction, vary in principle of design 
between direct suspension, with considerable weight 
concentrated at points of contact wire support, and 
catenary suspension, with practically no change in 
contact wire weight and freedom of vertical movement 
in every part. There is a corresponding variation in 
current transfer capacity. 

It is desirable to provide a contact member of uni- 
form flexibility and, as far as possible, of uniform 
weight throughout. The necessity for flexibility and uni- 
formity in weight increases as current values increase. 

It is important to avoid the use of fittings which ob- 
struct in any way the contact between contact wire 
and pantograph shoes. 


Contact Wire Tension. Contact wire tension should 
be maintained at the highest value consistent with 
temperature conditions and other limiting features. 

Current Collector Design. The efficiency of this 
device is affected by the following details: 

(1) Weight of moving parts and friction in bear- 
ings and joints which may interfere with its response 
to any change in contact wire height 

(2) Design of contact shoe, including the number 
and assembly of wearing strips, lubrication and facili- 
ties for lubrication 

(3) When two shoes are used, the degree of inde- 
pendence of movement and spring control 

(4) The rigidity of the pantograph frame in con- 
nection with side sway. 

It is to be noted that a collector of standard design, 
with slight modifications to increase current-carrying 
capacity, was used throughout these tests. 
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Shoe Pressure. The word “pressure” is intended to 
mean the pressure exerted at standard contact wire 
height with the pantograph in motion or with friction 
practically eliminated. This value can be obtained by 
tying the pantograph with 1ts shoe at standard con- 
tact wire height and reading the pressure with a 
spring balance while the pantograph is shaken, thus 
approximating the condition while collecting. 

-It is desirable to emphasize the importance of 
pressure in connection with current collection, and, 
when more than one collector is used, the equaliza- 
tion of pressure. 

Shoe pressure must be adapted to the overhead con- 
tact system design and should be maintained at the 
minimum value found practicable in each case. 

Number of Collectors Used and their Spacing. These 
items determine the total upward pressure on the 
contact wires and the distribution of pressure, and 
certain combinations may disqualify a contact sys- 
tem suitable for use with a single collector or other 
combinations. 

The number of collectors used must be determined 
by their design and their minimum spacing; by over- 
head contact system design outside of locomotive 
design; by the amount of current to be collected; and 
by other considerations. It is desirable to make the 
distance between collectors as great as possible. 

Speed. The speed at which a collector is moved 
introduces the effects of wind pressure on the panto- 
graph frame and certain parts, such as shoe horns, the 
inertia of pantograph frame and shoes, and side 
whipping with bad track surface. It also places limits 
on grades of contact wire and changes in its weight 
and flexibility. 
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Effect of Voltage on Current Collection. Test runs 
were made with 750, 850, and 1500 volts. With all 
other conditions the same, no difference could be 
detected in quality of current collection with the three 
voltages mentioned. 

General. Conservative evaluation of these tests 
and experience gained from operated lines indicate 
that 2000 amp. or more can be successfully collected, 
at any speed up to 60 or 70 miles per hour, with one 
pantograph, and 4000 amp. with two pantographs. 

These tests also demonstrate that it is practicable to 
design and construct an overhead contact and distri- 
bution system capable of delivering more than 
the amount of current required for train propulsion, 
with line potentials used to date for trunk-line 
electrification. 

The type of suspension, connecting messenger or 
feeder messenger and contact wire or wires, and their 
conductivity must be governed by the maximum 
current to be collected. 

These tests and experience lead to the following 
approximate ratings for the types of construction 
given: 

(1) Steel messenger, two 4/0 copper contact wires, 
loop hangers, and feed taps spaced 1000 ft., as used on 
Chicago, Milwaukee & St. Paul Railway: 

Normal current, 1000 amp. with a maximum of 1500. 

(2) Compound catenary with auxiliary feeder 
messenger, loop hangers, and feed taps spaced 300 ft. 

Normal current 2000 amp. with a maximum of 
2700. 

(3) For higher current value, the frequencies of 
feeder taps must be increased in proportion to the 
current demand. 


Device for Detecting Traces of Mercury Vapor 


S SMALL a proportion as one part of mercury 
in 20,000,000 parts of the atmosphere can now 


be measured accurately and one in 8,000,000 
parts can be determined quickly. 

The principle of operation is based on a reaction 
between a solid substance, selenium sulphide, and the 
mercury vapor, with the reaction product a colored 
substance easily observable with the eye. The yellow 
selenium sulphide is applied as a coating on paper. 
The paper is blackened on exposure to air containing 
mercury vapor, the degree of blackening depending 
on the concentration of the mercury, the time of 
exposure, and various other factors which can be 
definitely controlled. There seems to be practically no 
lower limit to the concentration that can be detected 
by this method. 

For continuous and automatic registration of the 
mercury vapor, there has been devised a system in 
which a continuous strip of the coated paper is drawn 
slowly over an opening through which the air flows, 


a small clock motor moving the strip of paper at a 
uniform rate. A short time after the exposure, the 
colored strip of paper can be compared with a stand- 
ard scale, in which the different shades from yellow 
to black have been calibrated in terms of mercury 
concentration. | 

If an incandescent lamp is placed in front of the 
strip of paper and a photoelectric cell behind it, the 
amount of light reaching the cell will depend on the 
amount of blackening of the paper. The transmitted 
light can regulate the readings of an ammeter, so 
that the concentration of the mercury vapor can be 
determined either by observing the color of the paper 
or by reading the ammeter. It is also possible to so 
arrange the photoelectric cell circuit that, should the 
mercury concentration become dangerously high, a 
warning signal will be given. The device, which in 
this form is an automatic chemist, was developed 
in the Research Laboratory of the General Electric 
Company. 
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Spot Welding of Dissimilar Metals 


Uses of Spot Welding Process—Comparison with Other Methods—Electrode Material for Dissimilar 
Metals—Electrode Shape for Unlike Thicknesses—Tests 


By R. T. GILLETTE 
Manager's Staff, Schenectady Works, General Electric Company 


among manufacturers of sheet metal articles, 

being used extensively in the automotive industry 
for welding bodies, door and window frames, radiator 
shells and brackets, fans, mufflers, splash pans, and 
other parts made from sheet metal. It is also used by 
the makers of steel office furniture and household 
equipment in the form of desks, chairs, kitchen 
cabinets, stoves, ovens, or cooking utensils, and in the 
manufacture of toys, lockers, and a great variety of 
small tools and devices. 


Sami welding of steel is very common practice 


other finish. Moreover, when relatively thin metal is 
used, three or four thicknesses of material may be 
spot welded together. 

What has heretofore been written about spot weld- 
ing is concerned mainly with the spot welding of 
steel. It is the purpose of the present article to give 
the writer's observations regarding the spot welding 
of certain ferrous and non-ferrous metals and alloys 
which may be readily welded by the proper selection 
of welding machine, electrodes, and values of time, 
current, and pressure. 


Fig. 1. 


A saving is usually effected in cases where it is 
possible to apply spot welding in lieu of riveting or 
other forms of welding. Where it takes the place of 
riveting, the economy appears in eliminating the 
cost of the rivets themselves and in time saved in the 
process. Spot welding is much faster than riveting, 
since there is a total absence of the drilling and align- 
ing of holes and the upsetting of the rivets; and spot 
welding on parts that are easily handled may be 
accomplished at the rate of seventy-five to one hun- 
dred and fifty welds per minute. 

An additional advantage of spot welding lies in the 
fact that it produces a strong, rigid joint which has 
three distinct characteristics: there is no movement 
between parts, which sometimes occurs in riveted 
parts when the rivets work loose from vibration; 
there is no buckling, which is often produced in forcing 
an alignment of rivet holes in assembly; and the sur- 
face is left free of projecting rivets or the seams of the 
other forms of welding, ready to take the paint or 


A Spot-welded Sample of Dissimilar Metals Torn Apart to Indicate Strength. The upper strip is of 
galvanized iron; the lower is of copper, which has torn out at welds 


Aluminum and brass are easily welded by using two 
electrodes of the proper percentage compositions of 
Elkonite (copper-tungsten alloy), one being chosen 
with a comparatively high percentage of tungsten, 
together with the correct combination of welding 
current, time, and pressure. On the other hand, copper, 
one of the most difficult metals to spot weld, may be 
welded by using two electrodes of pure tungsten with 
relatively high current and pressure. 

Combinations of metals (Fig. 1) dissimilar in heat 
and electrical conductivity are best welded by the 
use of two dissimilar electrodes such as one of copper 
and one of a copper-tungsten alloy of high tungsten 
content. In general, the pair of electrodes best suited 
to particular combinations of metals may be deter- 
mined by studying the heat conductivity and electrical 
resistance of the metals and selecting electrodes to 
give a balanced heating effect in bringing the parts to 
the welding temperature with no tendency to over- 
heat one of them. 
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For example, combinations like copper with 
galvanized iron or copper with nichrome (metals of 
widely different electrical and heat conductivity) 
may be welded by using a copper electrode next to 
the nichrome and an electrode of an alloy rich in 
tungsten content next to the copper. This will give 
a balanced heating effect, the low-resistance copper 
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Fig. 2. Water-cooled Spot Welding Electrodes. On the left is shown 
one of solid copper; and, on the right, is a copper electrode 
with an insert of copper-tungsten alloy 
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Combinations of Metals which Have Been 
Successfully Welded 


electrode in contact with the high-resistance nichrome 
helping to conduct away the excessive heat caused by 
the high resistance of the nichrome, while the heat 
in the low-resistance copper of the part being welded 
is intensified and localized by its contact with the 
relatively high-resistance copper-tungsten electrode. 
This causes the two dissimilar metals to heat evenly 
to the welding temperature. When two like metals are 
to be welded, both electrodes are the same. Metals 
of high conductivity are welded by the use of elec- 
trodes of high resistance, and metals of low conduc- 
tivity by the use of electrodes of low resistance. 
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A wide choice of electrode material is available, 
ranging from pure copper of high conductivity through 
the copper-tungsten alloy series (in which high copper, 
low tungsten content gives low resistance; and 
low copper, high tungsten content gives high resist- 
ance) to pure tungsten which has a still higher 
resistance. Pure tungsten is seldom used except in 
cases where two pieces of metal of very high heat 
conductivity are to be welded. 

Where the copper-tungsten alloy or pure tungsten 
is employed, it is best to use inserts as shown in 
Fig. 2 instead of making the entire electrode of the 
alloy or of tungsten, which, besides making cost of the 


Fig. 4. 


The Spot Welder Used in Making the Test Welds 


electrode excessive, introduces too much high- 
resistance metal into the welding circuit, thus giving 
rise to unnecessary heating of the machine. 

The chart given in Fig. 3 shows different combina- 
tions of metals which have been successfully welded. 

The machine in Fig. 4 shows the type of spot welder 
used for these welding tests. A close-up view of the 
work and electrodes, which have cooling-water 
brought very close to the end, is shown in Fig. 5. 

The metal requires no special preparation for spot 
welding; the seams are made by the lap method. 
The main requirement for a satisfactory weld is 
that the metal must be clean and free from sand, 
dirt, oil, scale or oxide which would prevent metal-to- 
metal contact. The oxides of most metals are of very 
high resistance; and, when high enough voltage is 
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used to break down the scale, there usually results 
such a rush of current when the scale breaks down 
that the metal being welded quickly overheats, 
causing it to melt and form blow holes through the 
material before the current can be shut off. When the 
scale does not cause blowing, the welds have scale 
inclusions which make a weak, brittle weld. 

Material that is oily and dirty should be washed 
in some good metal cleaner; and heavy scale may be 
sand-blasted or ground from the area within which 
the welds are to be made. 


Fig. 5. The Electrodes and Cooling System of a Spot Welding 
Machine, Shown Making a Sample Weld of the 
Type Shown in Fig. 1 


Metal of different thicknesses may be welded, for 
example, a ;,-in. to a %4-in. strip or plate. The heat 
conditions in this case are improved by using next to 
the thin metal an electrode a little larger in diameter 
than the one next to the thick metal. In Fig. 6 this 
condition is shown diagrammatically at A. Under 
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proper circumstances the current flow will fan out on 
each side as shown by the radial lines, while the dotted 
lines indicate the portion of metal heated to the weld- 
ing temperature, the most intense heat being in the 
narrow area between the dotted lines. This constric- 
tion should center in the joint between the two pieces 
being welded. If both of the electrodes used in welding 
metals of different thickness are alike, the heat 
concentration is within the thicker one of the pieces, 
as in B, Fig. 6, instead of in the joint, which in some 
cases will produce poor welds by overheating the thick 
section before the thin one is hot enough to weld. 
Usually, like metals, and combinations of dissimilar 
metals which are successfully spot welded, may also 
be line welded by the use of the same combination of 
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Fig. 6. The Heat Distributions of Two Electrode Combinations, 
Showing How and Why Electrode Shape Should be Adjusted 
to Metal Thickness 


welding wheels as is used for spot welding electrodes 
on the same metal. In line welding it is usually desir- 
able to use an interrupter in the primary circuit of 
the welding machine which gives, in effect, a series of 
overlapping spot welds. This makes possible the use of 
a much higher welding current without danger of 
burning through the metals being welded if a thin 
spot or other imperfection should be encountered. 

In making the welding tests, material from ¥ to 
14 in. thick was cut into strips one inch wide. The 
welds were made in a row along the center line of the 
strip. This is shown on the sample strip in Fig. 1. 
Tests were made by pulling the strips apart. If the 
pieces pulled apart without making a hole in either, 
it was considered as no weld; but when the welds 
pulled a hole through either strip, the weld was 
considered as strong as the weaker material, and 
therefore successful. 


446 September, 1927 


GENERAL ELECTRIC REVIEW 


Vol. 30, No. 9 


Industrial Heating Control 


Working Limits of Industrial Temperatures—Thermostat Control —Potentiometer Control— 
Panels—Overload Protection—Temperature Limit Fuses 


By P. H. CLARK 
Industrial Control Engineering Department, General Electric Company 


LECTRIC resistor ovens 
E and furnaces have many 

advantages as compared 
with ovens and furnaces using 
other kinds of fuel. Among these 
are cleanliness, even distribution 
of heat, low maintenance, less 
floor space, close temperature 
control, etc. 

As important as any of these 
advantages is the adaptability to 
accurate temperature control. 
This is possible, not altogether 
because of the development of 
control apparatus consisting of 
highly dependable temperature control instruments 
and necessary switching devices, but because of the 
inherent characteristic of nickel-chromium alloys used 
for the heating element. 

Fortunately nickel-chromium alloy, besides being 


considerable 


able to withstand temperatures up to 2000 deg. F. 


without deterioration, has a low resistance tempera- 
ture coefficient of approximately 10 per cent between 
70 and 1800 deg. F. as compared with copper which 
is 500 per cent and iron or nickel 700 per cent. This 
characteristic 1s very important. If the alloys had a 
high resistance temperature coefficient, high inrushes 
of current would occur when the heaters are cold and 
very much larger contactors would be necessary, unless 
elaborate switching was used either with multiple 
tap transformers or heaters were connected in groups 
so arranged as to keep the initial inrushes at a 
minimum. 

Because of this characteristic of the heating element, 
automatic temperature control of electric resistor 
furnaces and ovens becomes simple and ordinarily 
consists of a suitable temperature control instrument 
and control panel, which will be briefly described as 
follows: 


Temperature Control Instruments 

Temperature control instruments generally used 
for industrial electric heating can be classified under 
the following types: Mechanical, Expansion, Pyro- 
meter, or Millivoltmeter and Potentiometer, the 
latter both using thermocouples. Mechanical tem- 
perature controllers are inexpensive, non-indicating, 
and are usually designed for a specific applica- 
tion with adjustment over a narrow range of tem- 
perature. 


Because electric service is a 
high-grade service, and because a 
distance with un- 
avoidable losses intervene between 
the points of tts origin 


utilization, electricity purchased 


for its B.t.u. content costs more 
than the thermal equivalent in 
fuel substances. 
B.t.u., however, 1s often of less 
consequence than quality in heat- 
treated products.—EDbD1TOR 


The most common design of 
thermostat is of the bi-metallic 
type using a special duplex metal 
made by uniting permanently 
through their entire length two 
metals of widely different coeff- 
cients of expansion. With a change 
in temperature one metal expands 
more than the other, causing the 
duplex metal to deflect. In most 
designs the metal is formed into 
a helix, either concentric or elon- 
gated, with one end permanently 
held in position and the other end 
either carrying an electric contact 
which moves between a high and low stationary 
contact, or a glass bulb containing mercury with 
two or three metallic contacts sealed in it. The 
tilting of the bulb causes the mercury to bridge 
the contacts to make or break the circuit to a tempera- 
ture control relay or the heating circuit direct. As 
the temperature changes the helix will tend to wind 
or unwind, thus either causing the common contact to 
move from one stationary contact to the other or the 
mercury bulb to tilt from one position to the other. 

Another design of mechanical thermostat, largely 
used with tvpe-setting machine melting pots, depends 
on the expansion of an aluminum rod against a pivoted 
lever mechanism carrying an electric contact which 
moves between high and low stationary contacts. 
This thermostat is shown in Fig. 1. The middle rod 
is of aluminum, having a high coefficient of expan- 
sion, and the other two are of steel having a low 
coefficient of expansion. The steel rods are attached 
to the base of the thermostat, and the lower ends are 
connected together by a steel bar which serves as a 
support for the aluminum rod. The aluminum rod 
extends through the base of the thermostat, and is 
free to expand lengthwise against the pivoted lever. 
The three rods are immersed in the metal the tem- 
perature of which is to be controlled. This thermostat 
is designed for controlling the temperature of metal 
at 550 deg. F. 

For temperatures not exceeding 1000 deg. F., the 
expansion thermostat, a type which is shown in Fig. 2, 
is very generally used in ovens, melting pots and other 
similar applications. Instruments of this type consist 
of a sensitive bulb with flexible connecting tube be- 
tween the bulb and instrument. The sensitive bulb 
generally contains either aliquid, vapor, gas or mercury. 


and 


The cost 


per 
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Liquid-filled instruments are limited to a maximum 
temperature of 150 deg. F., vapor-filled instruments 
to 400 deg. F., and gas or mercury-filled instruments 
to 1000 deg. F. For most industrial applications, 
temperatures to be controlled generally exceed 300 
deg. F. and the gas-filled instrument is mostly 
used. It has a wider application than the mercury 
bulb in that the tube system is not required to 
withstand as great pressure and can be furnished 
with flexible connecting tubing of any length not 
exceeding 300 ft. without introducing serious error. 
It is more sensitive to changes in temperature, its 


Fig. 1. Thermostat for Use with Electrically- 
heated Metal Melting Pot 


range is greater and a uniformly graduated scale can 
be used over the entire range. A wide choice of 
bulbs makes the instrument applicable to almost 
any requirement. 

As illustrated in Fig. 2, the sensitive bulb is con- 
nected by a capillary tubing to a Bourdon tube 
spring wound into the form of a helix. As the gas 
expands it generates a pressure which causes the 
spring to unwind and rotate a shaft and pointer, 
which in turn indicates the temperature on the thermo- 
stat scale. On either side of the pointer are adjustable 
contacts which can be set at any temperature within 
the range of the instrument. As the temperature rises 
or falls, the pointer will make contact and complete 
the circuit to the relay on the control panel which 
opens or closes, depending on whether the tempera- 
ture 1s high or low. 

For temperatures exceeding 800 deg. F., and 
occasionally for lower temperatures, either an electric 
contact-making pyrometer or potentiometer is used. 
Many types are available, differing mostly in me- 
chanical design. The underlying theory briefly 
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described is as follows: When two wires of selected 
metals are joined together permanently at one end 
by welding, the combination is known as a thermo- 
couple. If the welded end is subjected to a temperature 
higher than the free ends an e.m.f. will be generated 
proportional to the difference in temperature between 
the two ends. If the free ends are connected by wires 
to a sensitive electrical measuring instrument, such as 
a millivoltmeter or potentiometer, it will indicate this 
e.m.f. Furthermore, if the temperature of the free 
ends is held constant at a prescribed temperature or 
compensated for at this temperature, the e.m.f. gen- 
erated will be proportional to the temperature of 
the hot end, and the measuring instruments can be 
calibrated directly in degrees. 

The selection of materials for the thermocouples 
has been the subject of exhaustive research, with the 
result that alloys of common metals have been de- 
veloped which have the desired qualities of straight 
line temperature characteristic, relatively high E.M.F. 
per degree, and long life at temperatures below 2000 
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Fig. 2. Expansion Type of Thermostat, Front (left) and Side (right) Views 
The instrument is indicating as well as controlling 


deg. F. These are so-called base metal couples. For 
very high temperatures couples of rare metals must 
be used, platinum and rhodium being the usual con- 
stituents. These are very expensive, have a low 
E.M.F. per degree, and usually require refractory 
protecting tubes, therefore they are less sensitive for 
control purposes than base metal couples which are 
generally used without protection tubes. 

The millivoltmeter, being an instrument commonly 
used for making electrical measurements, needs no 
description; however, a millivoltmeter of high resist- 
ance, equal to approximately 15 ohms per millivolt, 
is to be preferred, first, because much less power as 
generated by thermocouple is required to operate the 
instrument, and second, because the relation of the 
resistances of the external circuit, including leads, 
thermocouple, and connections to that of the meter 
itself, will determine the extent to which the readings 
of the instruments will be affected by changes in the 
external resistance caused by a change in length of 
connecting wires, deterioration of thermocouple, poor 
connections, etc. 
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A typical instrument of this type is shown in Fig. 3. 
The electric contact mechanism actuating the control 
consists of two pairs of contacts C, one of which is 
joined to an index /, this contact and index being 
readily adjustable throughout the entire scale range 
of the instrument. If it is desired to hold the tempera- 
ture of a furnace at 1000 deg., the index is set to 
coincide with 1000 deg. on the instrument scale. 


Fig. 3. Electric Contact-making 
Pyrometer 


With all connections made to the instrument, includ- 
ing thermocouple, control panel, and power to the 
Warren clock motor, the instrument will function as 


Fig. 4. Non-recording Potentiometer 
Temperature Controller 


follows: The motor, through a cam, causes the indi- 
cating pointer R to be depressed approximately four 
times a minute, which in turn closes either the low 
or high temperature contact. If ever the temperature 
is below the setting of the instrument, the low tempera- 
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ture contact points come together and complete the 
circuit to close the control relay, and when the tem- 
perature goes above the setting the indicating needle 
will be pressed against the high temperature contacts 
to complete the circuit for opening the relay. 

Fig. 4 illustrates a non-recording potentiometer 
type of instrument. Its fundamental principle not 
being as well known as the millivoltmeter, it will be 
briefly described as follows: 

To make the description clear, the instrument 
might be considered as the electrical equivalent 
of the chemical balance, or balance-arm scales. 
Measurements are made with balance scales by 
varying known weights until they equal the unknown 
weight. When the two are equal the scales balance and 
stand at zero, which is the same position that they 
occupy when there is no weight on either pan. Measure- 
ments are made with the potentiometer by varying 


Fig. 5. Elementary Diagram of Thermocouple Potentiometer 


a known electromotive force until it equals or balances 
the unknown; when the two are equal, the index of 
the potentiometer, the galvanometer needle, stands 
motionless as it is alternately connected and dis- 
connected. The variable known weights are units 
separate from the scales, but the potentiometer 
provides its own variable known electromotive force. 

The potentiometer provides, first, a means of 
securing a known variable electromotive force, and 
second, suitable electrical connections for bringing 
that electromotive force to a point where it may be 
balanced against the unknown electromotive force 
of the couple. The two are connected with opposite 
polarity, or so that the two e.m.f.'s oppose one an- 
other. So long as one is stronger than the other a 
current will flow through the couple; when the two 
are equal no current will flow. 

Fig. 5 shows the wiring of the potentiometer in its 
simplest form. The thermocouple is at H, with its 
polarity as shown by the symbols plus and minus. 
It is connected with the main circuit of the potentio- 
meter at the fixed point D and at the movable 
point G. 

A current from the dry cell is constantly flowing 
through the main, or so-called potentiometer circuit, 
ABCDGEF. The section DG E of this circuit is a 
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slide wire, uniform in resistance throughout its length. 
The temperature scale is fixed on this slide wire. The 
current from the dry cell as it flows through D G E 
undergoes a fall in potential, setting up a difference 
in voltage; t.e., an electromotive force, between D 
and E. There will also be electromotive force between 
D and all other points on the slide wire. The polarity 
of this is in opposition to the polarity of the thermo- 
couple which connects into the potentiometer at D 
and at G. By moving G along the slide wire a point is 
found where the voltage between D and G in the slide 
wire is just equal to the voltage between D and G 
generated by the thermocouple. A galvanometer in 
the thermocouple circuit indicates when the balance 
point is reached, since at this point the galvanometer 


Fig. 6. Standard Automatic Temperature 
Control Panel 


needle will stand motionless when its control is 
opened and closed. In applying this for temperature 
control, the slide is calibrated in temperature and G 
is set to correspond to the temperature to be held. 
The voltage in the slide wire will vary with the 
current flowing through it from the dry cell and a 
means of standardizing this is provided. A cadmium 
cell S C of constant voltage is connected through the 
galvanometer to the points C and D in the potenti- 
ometer circuit whenever the potentiometer current is 
to be standardized. The variable rheostat R (also 
shown at the right of the temperature dial in Fig. 4) 
is then adjusted until the dry-cell current flowing 
through the standard resistance C D causes a fall 
in potential between these points just equal to the 
voltage of the standard cell S C. At this time the 
galvanometer will indicate a balance in the same way 
as when it was used with a thermocouple. By this 
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operation the current in the slide wire D G E has 
been standardized. 

Various methods are used to convert the movement 
of the galvanometer as it indicates a high or low 
temperature to a mechanical movement carrying 
high- and low-temperature contacts. One of the 
simplest of these mechanisms can be seen in the 
instrument as shown in Fig. 4. It consists of a rocker 
arm, two levers Cı and C2, two contacts H and L 
and a dial graduated in degrees. 

With all connections made to the instrument, 
including thermocouple, control panel, dry cells, and 
power for the motor, and also with the dry cells 
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calibrated with the standard cell as described, if it is 
desired to hold the temperature at 800 deg., the dial 
is set so that the 800-deg. line on the dial coincides 
with the line on the stationary button mounted at 


‘the edge of the dial. 


As soon as the power is turned on, a cam on the 
motor shaft will raise the rocker periodically. When 
the temperature is below the setting of the instrument, 
the galvanometer pointer is deflected to the right and 
becomes clamped between the rocker R and the lever 
C,. After the point is clamped and a contact is made 
between C: and L another contact Cy operated from 
another cam on the motor shaft is closed and completes 
the circuit to close the relay. This contact is arranged 
to make circuit after and break before either C: and L 
orC,and H make circuit; by so doing thesecond contact, 
which is very strong mechanically as compared with 
the others, does the making and breaking of current. 
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When the temperature goes above the setting of 
the instrument, the pointer deflects to the left, be- 
comes clamped, and in the same manner the circuit 
is completed to open the relay. 


Control Panel 

A standard automatic temperature control panel 
is shown in Fig. 6, and consists of a main-line con- 
tactor to carry the heater current, a control relay, 
which when it opens or closes de-energizes or energizes 
the operating coil of the contactor, an overload relay 
for opening the circuit to the contactor coil in case 
of overload, and double-pole fused control switch. A 
diagram of this panel is shown in Fig. 7. 

With the control switch closed and the temperature 
control instrument terminals marked H C L connected 
to corresponding terminals of the control panel, it will 
function as follows: 


"grer 


Fig. 8. Control Relay Used on Automatic Panels 


Assuming the temperature of the furnace is below 
the setting of the control instrument, the contacts 
within the instrument will complete the circuit be- 
tween C and L and energize the relay coil through the 
resistor, temperature-limit fuse, and door switch and 
close the relay. As the relay closes, one pole com- 
pletes a holding circuit for holding the relay closed 
while the common or C contact within the instrument 
is transferred from the L contact to make a circuit 
with the H contact. The other finger of the relay 
completes the circuit to the coil of the main-line 
contactor which when it closes connects the power 
to the heating circuit. As the temperature rises the 
common or C contact is transferred in the instrument 
to make contact with H. When the contact from H 
to C is completed the relay coil is short-circuited 
and de-energized, allowing the relay to open, break 
its holding circuit, and also open the main-line con- 
tactor. The resistor connected in series with the relay 
coil prevents a short circuit, and also an excessive 
current from flowing through the control instrument. 
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The control relay is the connecting link between the 
instrument and the contactor. It must be dependable, 
with few wearing parts, mechanically strong, and 
capable of giving long service. Instrument contacts 
are generally rated 0.5 amp., 220 volts. They are 
often very feeble and slow-moving, consequently the 
connections between the instrument and the relay 
must be such that the instrument is never required 
to break a circuit but only to make it. If the relay 
is not sensitive and the volt-amperes required to 
operate it are excessive, chattering will occur, resulting 
in an arc at the contact points in the instrument 
which will soon burn them and injure the instrument. 

Many relays have been developed for this purpose, 
most of which have been throwover relays, designed 


Fig. 9. Overload Relay Used on Automatic Panels 


not to consume power continuously. They have had 
two coils, also mechanical latches, and toggles, one 
coil being energized to close the relay and the other 
to open it. Interlocks are necessary to disconnect a 
coil as soon as it has operated in one direction and 
at the same time close the circuit to the other coil 
so that it can operate in the other direction as soon 
as the circuit is completed through the instrument 
contacts. These relays have many mechanical parts 
which must be dependable and designed to give long 
service. 

For industrial work the amount of current con- 
sumed by the control is generally negligible compared 
with that consumed by the heaters and contactors. 
By using a specially designed single-coil relay, as 
shown in Fig. 8, similar to a small contactor, all 
conditions required by the temperature control instru- 
ment are fulfilled, operating with minimum volt- 
amperes. The relay is free from latches or toggles 
and is sufficiently strong to withstand the hard usage 
encountered in most industrial plants. 
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Overload Protection 

Overload protection requirements for a heating 
circuit are very different from those necessary for a 
motor; in fact, a heating circuit is not ordinarily 
subjected to overloads. The only time an increase in 
current will occur will be when a part of the heater is 
short-circuited by a metallic object falling against it 
or when scale and other foreign conducting substance 
come in contact with it. This condition might either 
short-circuit a portion of the heater, causing only a 
small increase in current, which nevertheless should 
not be allowed to continue, or it will cause a dead 
ground or short-circuit, resulting in a large increase in 
current, and endanger the whole furnace. A properly 


Fig. 10. Oven Door Switch for 
Electric Ovens 


designed overload relay should therefore .be instan- 
taneous in action and capable of withstanding a severe 
short-circuit. It should also be designed for setting as 
close as possible to the normal continuous current of 
the heating load so as to take care of slight short 
circuits and still not trip when the power is thrown 
on and off. This is generally between 10 and 15 per 
cent above normal full-load current. A relay that 
meets these requirements is shown in Fig. 9. It 
consists of two coils mounted in one magnet frame 
with one tripping mechanism. For d-c.and single-phase 
circuits a coil is connected in each line. For three- 
phase circuits, the coils are connected in two lines only. 
In addition to the features mentioned, this relay 
has a wide range of adjustment and only one set of 
coils are required for standard contactors. For exam- 
ple, contactors that are rated 75, 150, 300, or 600 
amp. and a coil for use with, say, the 300-amp. con- 
tactor will trip the relay for any value of current from 
150 to 350 amp. In other words, the coil ratings 
correspond to the standard contactor ratings. 


Door Switch 
During the loading and unloading of some ovens, 
it 1s necessary for workmen to enter the oven. To 
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protect them from injury, should they come in con- 

tact with the heaters, a door switch, as shown in 
Fig. 10, is mounted on the oven. It consists of an 
ordinary single-button push-button station with 
bracket. The bracket is mounted on the door and the 
push button on the door jamb. Its contacts are con- 
nected in series with the control relay as shown in 
Fig. 7. When the doors are closed, the bracket pushes 
against the push button and completes the circuit tothe 
control relay. When the door is opened the circuit 
through the push button is opened and allows the relay 
to open, which in turn opens the main line contactors. 


Temperature-limit Fuse 

For maximum life a metallic resistor furnace 
should not be overheated. To protect the furnace 
against this possibility in case of failure of the control 
instrument, a temperature-limit fuse (Fig. 11) of 
pure gold wire is inserted in the heating chamber and 
connected in series with the relay coil as shown in 


Fig. 11. Temperature Limit Fuse for Electric 
Ovens and Furnaces 


Fig. 8. If the fuse melts the relay coil circuit is opened, 
allowing the relay and main-line contactor to open 
and disconnect the furnace. Gold has been chosen 
because it melts at the desired temperature, has a 
short, plastic range, and oxidizes less than any other 
metal at this temperature. 

For some classes of work, the fuse is used to protect 
the work rather than the furnace from overheating. 
For these purposes various alloys are used, the alloys 
chosen depending on the temperature at which it is 
desired to protect the work. Most alloys are designed 
for the application with which they are to be used. 


Examples for Thermal Control 

For most applications of electric heat, temperature 
control 1s best obtained by simply throwing all the 
power on and off according to the temperature as 
registered by one thermocouple, or other sensitive 
element. This is not always sufficient, especially 
when the furnace is 10 ft. or more long and is designed 
with a conveyor for carrying work continuously 
through the furnace. Furnaces of this type are often 
divided into zones or sections. The first zone will 
generally have more power and will be controlled at a 
higher temperature than the succeeding zones, in 
order that the cold work will absorb heat at a maxi- 
mum rate, the final zone being controlled at the 
exact temperature desired for the work. The control 
panel for a furnace of this type often becomes one 
continuous control board, as shown in Fig. 12. 

For the annealing of glass lenses, x-ray bulbs, and 
the like, it is necessary to pass the glass through a very 
definite cycle. This is accomplished by a specially 
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designed conveyor furnace arranged to heat and cool 
the glass by graduating the amount of heat throughout 
the furnace. It may also be accomplished by placing 
the work in a furnace which is heated and cooled in 
accordance with a prescribed cycle or program. This 
program is generally obtained by means of a specially 
designed temperature control instrument equipped 
with motor-operated cams so arranged as to change 
the setting of the instrument in accordance with the 
prescribed program. For very particular work, such 
as telescope lenses, this program covers many days. 

For the heat treatment of large guns during the 
war, pit furnaces 20 ft. or more deep were used and 
divided into several heating zones, with individual 
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Typical Installation of Automatic Control Panels. 
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the gun was at the pgescribed temperature unless 
before this time the heating elements should have 
reached their maximum safe temperature of approxi- 
mately 1800 deg. F., in which case the control would 
be thrown off regardless of the temperature of the 
gun. If the gun reached its proper temperature before 
the furnace reached its maximum, the control auto- 
matically shifted from the thermocouple against the 
gun to the one near the heating elements and the 
power would be cut off. The thermocouple against the 
gun only measured surface temperature which would 
be reached some time before the gun finished absorb- 
ing heat or was heated clear through. During this 
period the control would shift first from the gun 


i > ó k > 
E ee re 


These panelsjarezused to control 


the temperature of two rotary hardening and drawing furnaces 


control for each zone. This arrangement was necessary 
because one end of the gun being larger than the 
other, would absorb heat much slower than the other. 
It was desirable to heat all parts evenly at a maximum 
rate and to hold a constant temperature for a pre- 
scribed period after coming to the proper temperature. 
By means of a special control instrument, two thermo- 
couples, one placed in contact with the gun and the 
other near the heating element, and a combination 
of relays, a control was designed to function as 
follows: Assuming the charge was to be heated to 
1500 deg. F., with a cold charge placed in the furnace, 
the record of one thermocouple would indicate the 
gradual rise in temperature of the gun and the other 
the temperature of the furnace near the heaters. 
The automatic control instrument was set to function 
from the thermocouple against the gun regardless 
of the temperature of the furnace, and power would 
not be thrown off until this thermocouple indicated 


thermocouple and then to the heating element 
thermocouple, which was set a trifle above the 
temperature desired for the gun, until the gun ceased 
to absorb more heat. From this time the control 
continued to function from the heating element, as 
only heat for radiation had to be suppplied to the 
furnace, the temperature of the gun remaining 
constant. 

This method of control may also be used for melt- 
ing pots, kettles, and similar equipments, having the 
heating elements outside the pot in cases where it is 
desired to limit the outside temperature. One ther- 
mocouple would be located in the pot and the other 
in the heating chamber. 

The foregoing illustrations are typical of some of 
the special problems which sometimes have to be 
solved so that the electric furnace can be made to 
accomplish more than furnaces using other kinds 
of fuel. 
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The Three-electrode Tube as an Amplifier 
INCE a very small change in grid potential will 
S produce a large variation in plate current, the 
three-electrode tube can be made to act as a 
relay or amplifier. This action can be best explained 
with the help of the grid voltage—plate current 
characteristic, Fig. 17. 

Suppose the grid is normally at the negative poten- 
tial A; this will result in a plate current represented 
by A”. Tf the signal is impressed on the grid and pro- 
duces an alternating voltage fluctuating between the 
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Fig. 17. Plate Current—Grid Voltage Characteristic to 
Show Action of Three-element Tube as an 
Amplifier 


values B and C, the plate current will fluctuate be- 
tween the values B’ and C’. Thus the effect of the 
alternating voltage on the grid is to produce a fluc- 
tuating direct current in the plate circuit. The point 
A has been chosen so that it will fall above the bend 
in the curve and on the nearly straight portion 
of the characteristic curve. An increase in grid 
voltage will produce an increase in plate current and 
vice versa. 

Due to the fact that the tube is operating on the 
practically straight portion of the characteristic, 
these increases and decreases in plate current are prac- 
tically of equal amounts, z.e., the fluctuations of 
the current in the plate circuit are practically an exact 
reproduction of the voltage variations on the grid. In 
this way a very small voltage on the grid controls a 
relatively large current of the same wave form in the 
plate circuit. The reproduction is perfect (distortion- 
less) only if the fluctuations take place about a point 
which is on the straight part of the characteristic and 


are not large enough to extend to the bends at either 
end of the characteristic. The grid should have a suffi- 
cient negative bias so that the voltage of the signal 
on the grid will not cause the grid to become positive 
to any material extent. Otherwise there will be a con- 
siderable grid current, thereby preventing the grid 
from performing its function of completely controlling 
the plate current. 

In order to simplify the explanation of the prin- 
ciples involved in amplification, the effect of appreci- 
able impedance and resistance in the plate circuit 
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Fig. 18. Dynamic Plate Current—Grid Voltage 
Characteristic 


outside the tube has been purposely neglected. This 
impedance and resistance is in the telephone coils or 
in the transformer. Its effect is to add to and sub- 
tract from the normally effective plate voltage the 
amount of the variation in potential drop through 
the resistance and impedance. The result is that the 
voltage on the plate is not a constant value as has 
been considered. Fortunately the proper choice of 
impedance in the external circuit has the effect of 
straightening out the grid voltage—plate current 
characteristic curve and thus reduces distortion. 
A thorough discussion of this effect 1s beyond the 
scope of this article but it may be generally explained 
by reference to Fig. 18. 

Suppose the curve Y, Fig. 18, represents the normal 
grid voltage—plate current curve for normal “B” bat- 
tery voltage. If there were no variation in the imped- 
ance or resistance drop, the plate current would in- 
crease from A’ to C’ when the grid voltage increases 
from AtoC. The lower effective plate voltage, owing 
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to the increased drop in voltage due to the increased 
current passing through the impedance, however, 
changes the grid voltage—plate current curve to that 
designated by Z, so the actual plate current would 
then be C” instead of C’. 

Similarly when the grid voltage drops from A to B, 
the plate current drops to B” instead of B’, B” being 
on the characteristic curve X representative of a 
higher effective plate voltage owing to the smaller 
drop in voltage due to the smaller current flowing 
through the impedance. The so-called “dynamic” grid 
voltage—plate current characteristic then becomes 
the line B"C” which is straighter than the equiva- 
lent part B’ C’ of the static characteristic. It will be 
noted that the degree of amplification has been some- 
what reduced but, in general, high external impedance 
tends to produce distortionless amplification. 

The signal may be amplified either before or 
after it has been ‘‘detected.’’ Amplification before 
detection is called radio-frequency amplification, 
and after detection is termed audio-frequency ampli- 
fication. 

With radio-frequency amplification the plate cur- 
rent is passed through the primary of a transformer, 
the secondary terminals being connected to the grid 
and filament of the detector tube. If the transformer 
is to be tuned to the particular radio frequency which 
it is passing, it is usually an air-core transformer. If 
it is not to be tuned, it may be an iron-core trans- 
former. More than one step of radio-frequency ampli- 
fication may be used, in which case the plate current 
from the preceding tube is fed to the primary of a 
transformer, the secondary terminals being connected 
to the grid and filament of the next tube. 

With audio-frequency amplification the same pro- 
cedure is used as in radio-frequency amplification 
with an iron-core transformer. Resistance-coupled 
audio-frequency amplification is sometimes used, in 
which case the plate current flows through a high 
resistance, the varying potential drop across the 
resistance being fed through a condenser to the 
next tube. 

The limit of the capacity of such Radiotrons as the 
UX-199 and the UX-201A is usually reached with 
two stages of transformer-coupled audio-frequency 
amplification for signals of moderate strength. Where 
more than two stages are to be used, or even on the 
second stage, it is desirable to use the higher capacity 
Radiotrons such as UX-120 and UX-112. 

An advantage of radio-frequency amplification is 
that the detecting efficiency of a tube increases with 
the square of the voltage impressed on the grid. Con- 
sequently increasing the signal strength by radio- 
frequency amplification before detection will result 
in louder reception than by using the same amount 
of audio-frequency amplification after detection. 
Thus in order to listen to distant stations whose re- 
ceived signals are weak, it is desirable to use radio- 
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frequency amplification of the proper amount before 
the signal is detected. The signal can then be in- 
creased by audio-frequency amplification. 

The higher the radio frequency the greater the 
capacity effect between the grid and filament. Thus 
radio-frequency amplification requires more careful 
design and special adaption to be satisfactory at the 
higher frequencies. 


The Three-electrode Tube as a Generator of High Frequency 
Currents 

If a voltage be momentarily impressed on a con- 
denser which has a coil connected across its terminals, 
the instant the voltage is removed current will begin 
to oscillate back and forth through the coil and con- 
denser, continuing until the energy has been absorbed 
by the resistance of the circuit. This is because the 
charge on the condenser will be discharged through 


Fig. 19. Diagram Showing How the Three-electrode 
Tube Can be Made to Oscillate 


the coil and the current thus flowing in the coil will 
generate a back electromotive force, 180 deg. out of 
phase with the current. This back electromotive force 
will charge the condenser in the opposite direction 
which in turn will discharge by passing current back 
through the coil. This cycle will be repeated until the 
energy has been dissipated in the resistance of the 
circuit. 

The frequency of these damped oscillations will 
depend inversely upon the inductance of the coil 
and the capacity of the condenser. The formula is 
N= 1,000,000 


7 2r V LC 


per second, L is the inductance in microhenries and 
C is the capacity in microfarads. Thus, by adjusting 
either the capacity or inductance or both, the fre- 
quency can be made anything desired within wide 
limits. 

Suppose this coil and condenser be connected to 
the grid and filament of a three-element tube, and the 
plate of the tube be connected to the filament 
through a battery and through another coil mag- 
netically coupled to the coil in the grid circuit as in 
Fig. 19. 

When the filament is heated, the moment the plate 
circuit is closed, current will flow through the coil P. 
A counter electromotive force will be built up across 
its terminals. The magnetic coupling of the primary 
coil P with the secondary S will generate a voltage 


wherein N is the frequency in cycles 
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in the secondary coil S which will be impressed on the 
grid and which will increase the current in the plate 
circuit. This increase in plate current will be instan- 
taneous with the voltage change on the grid. This 
increase in current will produce a further back electro- 
motive force on the primary which in turn will in- 
crease the voltage on the grid, continuing until the 
plate current has reached saturation. There now 
being no further change in current, the back electro- 
motive force on the primary coil P disappears as does 
the induced voltage in the secondary coil S. In the 
meantime the condenser C has become charged and 
1t now discharges through the secondary coil S. Thus 
the voltage on the grid falls, which causes the plate 
current to fall. 

The reduction in plate current causes a counter 
electromotive force to build up in the primary coil in 
the opposite direction which generates an electromo- 
tive force in the secondary also in the opposite direc- 
tion, thus further reducing the voltage on the grid. 
The operation continues until the condenser C has 
been charged to its maximum in the opposite direc- 
tion, the plate current reaching its minimum. The 
operation then reverses again, the frequency of the 
cycle depending inversely upon the amount of induc- 
tance of the secondary coil S and the capacity of the 
condenser C. 

It will be seen that energy from the “B” battery 
is being magnetically transferred from the plate circuit 
to the grid circuit. The amount so transferred must 
not be less than the amount lost in the oscillating grid 
circuit, otherwise the oscillations will die out. The 
amount transferred can be regulated by the closeness 
of the magnetic coupling of the coils P and S. With 
closer magnetic coupling, the amount of energy trans- 
ferred from the plate circuit to the grid circuit will 
increase, thereby increasing the value of the oscillating 
current in the grid circuit and so increasing the grid 
circuit losses to equal the amount of energy being 
transferred from the plate circuit. The frequency of 
these oscillations is regulated by the variable con- 
denser C. 

The back electromotive force in the primary coil 
P is 180 deg. out of phase with the change in plate 
current. The electromotive force in the secondary 
coil S, as in any transformer, is 180 deg. out of phase 
with the back electromotive force in the primary coil. 
Hence the variation in plate current is in phase with 
the voltage induced on the grid. Thus the voltage 
variations on the grid, producing as previously stated 
instantaneous changes in plate current, are in syn- 
chronism with the induced voltages applied to the 
grid by the change in plate current. 

The ability of obtaining oscillations is made use 
of in radio receiving sets by what is known as “‘hetero- 
dyning,” and the ability of feeding back energy from 
the plate to the grid circuit to strengthen the received 
signal is called “regeneration.” In the latter case the 
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magnetic coupling is reduced to such an extent that 
the tube will not oscillate but simply amplifies, 11 the 
detector, the voltage on the grid produced by the 
signal. Too close a magnetic coupling would amplify 
the grid-voltage fluctuation to such an extent that it 
would vary the plate current up to saturation 
irrespective of the gradations in voltages due to 
the signal. 

Heterodyning is produced by the difference be- 
tween the frequency of an oscillating tube and the 
frequency of the voltage due to the radio signal on the 
grid of the tube. Suppose the voltage produced by a 
radio signal of a frequency of say 1,000,000 cycles, 
corresponding to a 300-meter wave, were impressed 
on the grid of a tube which was adjusted to oscillate 
at either 1,000,500 or 999,500 cycles, 2. e., 500 cycles 
either above or below the radio signal: The two fre- 
quencies would be in step with each other 500 times 
a second and the grid voltage will reach an extreme 
amount 500 times a second, as at such instants the 
two voltages would boost each other. The plate cur- 
rent will then have maximum peaks 500 times a 
second which will produce a howl in the telephone as 
this 500-cycle change is within the audible range. Thus 
a “beat” note is obtained whose frequency is equal 
to the difference of the two frequencies producing it. 

If the difference in frequency of the radio signal 
and oscillations be increased, the pitch of the howl 
will be increased to a squeal which will disappear 
when the frequency difference goes beyond the 
audible range. These are the howls and squeals 
heard in regenerative sets when the magnetic 
coupling is so close that the tube oscillates and 
the circuit is not tuned exactly to the frequency 
of the radio signal. 


Geometry of the Three-electrode Tube 

The amplification constant of a tube is the ratio of 
the change in plate voltage to the change in grid 
voltage required to produce the unit change in plate 
current. For example, with zero volts on the grid, if 
the plate current were increased by increasing the 
plate voltage five volts and if the plate current could 
then be brought back to its original figure by putting 
one volt negative on the grid, then the amplification 
constant of the tube would be five, as five volts on the 
plate is equivalent to one on the grid. 

The amplification constant will vary slightly de- 
pending upon the plate voltage used, so it is customary 
to measure it at a combination of plate and grid volt- 
ages at which the tube is ordinarily used, the filament 
of course, being operated at normal current and 
temperature. 

The main factors in the construction of a tube 
which affect the amplification constant are the shape, 
size and position of the grid. A single thin wire be- 
tween the plate and filament would have but little 
control on the plate current, so the control is obtained 
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by a network, often a helix, surrounding the filament. 
The more completely it encloses the filament, the 
more effective it will be, the most effective type 
of grid being composed. of many turns of fine wire. 
The spacing between the grid wires must not be so 
close as to prevent the flow of electrons to the plate. 

The greater the distance between plate and grid, 
the higher the amplification constant will be. This 
distance can be increased by making the space be- 
tween the grid and filament as small as possible and 
the grid-plate distance as great as possible. The grid- 
filament distance cannot be indefinitely decreased 
because of the danger of the grid touching the fila- 
ment, so for a given grid position the amplification 
constant can be increased by making the grid-plate 
distance larger. However, the farther the plate is 
from the filament, the greater would be the internal 
(plate) resistance of the tube. 

The direct-current plate resistance, as in any 
electrical circuit, is the ratio of the plate volts to the 
plate current. Different plate voltages will change 
the plate resistance as the plate current does not vary 
in direct proportion to the plate voltage. The energy 
lost in the tube due to this plate resistance, the 1?R loss, 
is transformed into heat by the bombardment of the 
plate by the electrons striking it. 

The plate resistance is affected by the dimensions 
of the filament, the greater the filament surface, the 
smaller the resistance. Here again one factor affects 
several others. Increasing the filament surface by in- 
creasing its diameter would require an increased fila- 
ment current at the same voltage to maintain proper 
temperature and hence it would require more power 
input to the tube. Similarly, if the filament surface be 
increased by increasing the filament length, it would 
require an increased filament voltage with the same 
current, which means more power input required by 
the tube. With high filament voltage, if the negative 
filament terminal be connected to the negative end 
of the “B” battery, the difference in potential be- 
tween the plate and various parts of the filament will 
be considerably less than that of the “B” battery due 
to the drop in voltage through the filament. 

A tube designed for a given emission requires a 
filament of a given surface operated at a given tem- 
perature. This surface can be obtained by choosing a 
suitable length and diameter. To heat the filament 
to the required temperature requires a value of cur- 
rent depending on the diameter of the filament. To 
push this current through the filament requires a 
certain voltage. Thus the filament dimensions are 
fixed in any tube of given emission and filament cur- 
rent or filament voltage. Changing any one of these 
factors, therefore, changes the dimensions of the 
filament. 

The filament and grid are symmetrically surrounded 
by the plate in the form of a tube of circular or oval 
cross section as required. There is no material value 
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in extending the length of the tubular plate much 
beyond the upper and lower ends of the grid and fila- 
ment. To increase the plate area by increasing the 
diameter of the plate tube would increase the plate 
resistance, as the plate would then be farther away 
from the filament. 

It is important that the temperature of the plate 
be kept low for when it is very hot it will emit elec- 
trons as does the filament and hence the tube will not 
rectify. The energy lost in the tube due to the bom- 
bardment of the plate by electrons, the PR loss, 
tends to heat the plate. This energy is relatively small 
compared to the plate area in the Radiotrons used for 
broadcast reception, being of the order of 0.04 watt 


TABLE I 


EMISSION IN MILLIAMPERES PER SQUARE 
Temperature CENTIMETER OF FILAMENT SURFACE 
in Degrees 


Kelvin 


Thoriated Tungsten Pure Tungsten 


1400 3.09 

1500 18.2 

1600 85.1 

1700 339 estan 
1800 . 1,150 0.04 
1900 3,990 0.214 
2000 9,550 0.912 
2100 23,440 3.55 
2200 53,700 11.7 
2300 117,500 37.1 
2400 TEF 105 
2500 274 
2600 668 
2700 1,520 
2800 3,300 


per sq. cm., and hence is easily radiated and does not 
materially heat the plate. With the larger power tubes, 
however, this factor is of importance as with about 
5 watts per sq. cm. the plate will reach a temperature 
of 1500 deg. K. and will be heated to the operating 
temperature of the filament if the energy be 30 watts 
per sq. cm. 

In order to reduce the energy lost in the tube, the 
plate resistance should be as low as possible. A high 
amplification constant is largely obtained at the ex- 
pense of the former, hence a compromise is necessary 
in the construction of a tube of given emission to ob- 
tain a maximum amplification for a minimum resist- 
ance. The ratio of the amplification to the resistance of 
a tube is called its mutual conductance. 

A complete explanation of the geometry of the tube 
is beyond the scope of this article, but what has been 
given will indicate the main principles involved. 


The Thoriated Tungsten Filament 

Dr. Langmuir discovered that if a tungsten fila- 
ment has a laver of thorium on its surface, it will have 
a much higher emission at a given temperature than 
without the thorium layer, as shown in Table I. 
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For example, the thoriated tungsten filament at 
2000 deg. K., which is approximately its normal 
operating temperature, has an emission per unit 
surface more than 10,000 times that of a pure 
tungsten filament at this temperature and more 
than 90 times that of the pure tungsten filament 
at the latter's normal operating temperature of 
2400 deg. K. 

This surface layer of thorium will disappear if the 
filament be operated above a certain temperature. 
The surface layer can be obtained by operating a 
tungsten filament containing a small amount of 
thorium oxide (thoria) at a temperature of about 
2800 deg. K. for a short time, which reduces some of 
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Fig. 20. Rate of Evaporation and Average Rate of 
Diffusion of Thorium in a Tungsten Filament at 
Various Temperatures 


the thoria in the filament to metallic thorium. At this 
temperature some of the thorium diffuses to the 
surface where it vaporizes immediately. The filament 
is then operated at about 2100 deg. K. for a few min- 
utes. The thorium continues to diffuse to the surface, 
but at a lower rate and, as the rate of evaporation is 
then less than the rate of diffusion as indicated in Fig. 
20, the surface gradually obtains a layer of thorium. 

It should be noted that the amount of diffusion 
toward the surface depends upon the density of 
thorium in the body of the tungsten filament so that 
the temperature at which the rate of diffusion and 
evaporation are about the same may vary from the 
value indicated in the diagram by a couple of hun- 
dred degrees. 

Tests indicate that the layer of thorium on the 
surface of the tungsten filament is but one molecule 
deep. One reason for this belief is that the loss of 
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emission, due to the disappearance of the thorium 
layer when the filament is operated above the criti- 
cal temperature, is at a constant rate irrespective of 
the length of time the filament has been operated 
below the critical temperature in building up the 
layer. This is true, provided the filament has been 
operated long enough to reach its maximum emis- 
sivity, and that the filament has a complete layer of 
thorium. 

Therefore, the filament must always be operated 
below this critical temperature. The temperature 
selected for the normal operation of the thoriated 
filament is about 2000 deg. K. At this temperature, 
and below, the amount of metallic thorium in the 
body of the filament, obtained by operating it for a 
short time at 2800 deg. K., is normally sufficient to 
keep a layer on the filament for many hundreds of 
hours of service. The body of the filament, tungsten 
itself, vaporizes at an extremely low rate at 2000 
deg. K. and so will normally last many thousands of 
hours. The life of a thoriated filament therefore 
depends upon the maintenance of the thorium 
layer. 

At and below the normal operating temperature 
the remaining thorium oxide in the body of the fila- 
ment is not, to any appreciable extent, reduced to 
metallic thorium. As the supply of thorium becomes 
used up, the emission of the tube gradually becomes 
less, indicating that the layer is gradually disappear- 
ing. Ordinarily, there is a sufficient amount of thoria 
left in the body of the filament to permit again form- 
ing a layer on the filament (reactivating), 1. e., operat- 
ing it first at 2800 deg. K. and then at 2100 deg. K. 
Should the filament be accidentally operated momen- 
tarily above the critical temperature, it may not be 
necessary to obtain a new supply of thorium by oper- 
ating the filament at 2800 deg. K., 2. e., it may be 
possible to bring the emission back by operation at 
2100 deg. K. for a few minutes. 

The actual emission of a tube cannot be accurately 
calculated from the table giving the emission per unit 
filament surface without correction factors for the 
reason that the entire surface of the filament does not 
operate at the same temperature, as heat 1s con- 
ducted away from the ends of the filament by the 
leading-in wires. Heat is also conducted away at the 
points where the filament is supported by the anchors. 
For this reason the actual emission values will always 
be less than those given in the table. It should be 
noted that the emission values are those given by 
the filament when the grid and plate are con- 
nected together and hence do not represent the 
plate current at various filament temperatures 
when the tube 1s used in a radio receiving set, as 
then the plate current is controlled by the voltage 
applied to the grid. 

The relative emission, emission per watt, watts, 
volts, amperes, and resistance of the thoriated and 
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pure tungsten filaments at various temperatures are 
shown in Fig. 21. 

Radiotrons UX-199, UX-120, UX-201A, and UX- 
210 all have a thoriated filament.“ Radiotron UX- 
200 has a pure tungsten filament as there is a positive 
ion current flowing to the filament due to the small 
amount of gas put in the tube, which would knock 
off any thorium layer even if the tube were operated 
at a lower temperature to permit the formation of the 
layer. While the UX-200 tube has a much lower 
emission per unit surface, it has a grid voltage—plate 
current characteristic of such a form that, when 
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strontium oxides and carbonates. This coating can be 
applied by dipping the ribbon in a solution containing 
barium and strontium salts and then operating it at 
a high temperature for a few seconds. This process is 
repeated until the coating reaches the desired thick- 
ness. The normal operating temperature of the fila- 
ment is about 1200 deg. K. 

Recent tests indicate that the emission is due, not 
to the oxides, but to a film of metallic barium and 
strontium. Anything which tends to destroy this film 
either by evaporation or oxidation destroys the 


emission. The “active” material is apparently pro- 


duced by the effect of the temperature at which the 
filament is operated. The filament can be partially 
deactivated by operation at 1600 deg. in one to five 
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operated under the proper conditions, it gives the 
best detector action. This characteristic curve will be 
shown later. It should be remembered that it is not 
the actual amount of the normal emission current, 
but the amount of change of plate current which is 
desirable in a tube. 


The Oxide-coated Pintou Filament 

Electron emission from the oxides of the alkali 
earths was first studied by Wehnelt in 1904. He found 
that a small amount of calcium oxide on platinum 
gave a very high emission. In the WX-12 and the 
UX-112 tubes the filament consists of a platinum 
ribbon coated with a mixture of barium and 


(1) There is no electrical operating difference in characteristics between 
UX and UV Radiotrons of corresponding number, the prefixes merely des- 
ignate a difference in the construction of the base. xisting Radiotrons 
of the UV series were termed ‘‘UX" when fitted with the new type of base 
designed for the new standard socket adopted. Also, WD-11 and WD- 12 
Radiotrons (which have identical characteristics) are known as “WX-12 
when fitted with the new model of base. 


minutes and then reactivated at 900 deg. in a few 
minutes. The rate of reactivation depends upon the 
length of time the filament was operated at the high 
temperature. The rate first increases with the time 
of high-temperature flashing, passes through a maxi- 
mum and then decreases. The explanation is that 
active material is formed at the high temperature but 
the rate of evaporation is too high to permit it to 
remain on the surface. At lower temperatures the 
surface becomes partially covered bysome of the active 
material which diffuses from inside the oxide coating. 

The rate at which the surface becomes covered 
depends on the concentration of the active material 
within the oxide coating. This rate increases with the 
length of time of flashing up to the point where fur- 
ther flashing results in more active material being lost 
by evaporation than is formed. This is analogous to 
the phenomena observed in the thoriated-tungsten 
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filament. In the case of the oxide-coated filament, 
however, sufficient active material may be present 
initially, probably formed at the time the filament is 
operated at high temperature while the coating is 
being applied, so that it is not necessary to use the 
high-temperature treatment required by the thoriated 
tungsten filament. 

The relative emission, emission per watt, watts, 
volts, amperes, and resistance of the oxide-coated 
filament at various temperatures are shown in Fig. 
22. Note that the emission values are those when the 
grid and plate are connected together and hence do 
not represent the relative plate current at various 
filament temperatures when the tube is used in a 
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Fig. 22. Relative Emission, Emission Per Watt, Watts, 
Volts, Amperes and Resistance at Various Temper- 
atures of Oxide-coated Platinum Filament 


radio receiving set as then the plate current is con- 
trolled by the voltage on the grid. 


Characteristic Curves 

Static characteristic curves give much valuable 
information regarding tube performance, but it must 
be kept in mind that there are other factors which 
affect their performance besides those which can be 
shown on such curves. Some of these factors can be 
explained only by complicated mathematical analysis 
and others are so obscure that they cannot be ex- 
plained at all. The fundamentals, however, can be 


grasped by a study of the characteristics even though 


they do not tell all of the details. 

Limitation of space prevents showing all of the 
possible relationships between plate current, plate 
voltage, grid voltage, filament current, etc., so 
only the more important curves will be given. With 
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the exception of Figs. 24g and 24h, and 25g and 25h, 
all the curve sheets from Fig. 23 to 261 inclusive have 
been reproduced to the same scale so that they are 
directly comparable with each other. 

(All the curves given in this article are typical of an 
individual tube. Tubes vary somewhat from one another 
so that characteristic curves of any given tube will not 
necessarily agree with the curves shown here.) 


Grid Voltage—Plate Current Curves 

Fig. 23 shows the relation, for the various tubes, 
between grid voltage and plate current at the same 
plate voltage, the filament in each case being operated 
at normal current. 
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The curves shown in Fig. 23 are actual examples of 
those shown in Figs. 11, 16, 17 and 18. They are all of 
the same general form, the current first increases 
gradually as the grid voltage increases, then more 
rapidly and finally more and more slowly as satura- 
tion is approached. This last condition is met only 
with high positive grid biases and is not approached 
in ordinary radio receiving practice. 

The slopes of these curves indicate the degree of 
amplification obtainable, a steep slope indicating a 
high amplification constant. A comparison of the 
curves under the conditions given shows that a varia- 
tion of grid voltage from minus one to zero will, for 
example in the case of the UX-201A tube, cause a 
change in plate current of 0.9 milliamperes, while the 
same change in grid voltage will cause a change in 
plate current of only 0.5 milliamperes in the case of 
the UX-199 tube. It should be remembered that 


460 September, 1927 GENERAL ELECTRIC REVIEW Vol. 30, No. 9 


ITT ALUA 
22h? Sake AE 
ADAN 


AA AA 


ANA 
2a AEDEP ARO Aas 

TARA CRP LARA AT 
ft A AA 


(6) > 
-4 10 -8 -6 -4 2 O +2 +4 + +10 +12 +14 24 3 0-8 6 -4 -2 O +2 +4 +6 +8 +10 +2 +4 
Grid Voltage sl j Grid Voltage 
Fig. 24a. Grid Voltage—Plate Current Characteristics at Various Fig. 24b. Grid Voltage—Plate Current of UX-199 Tube 
Plate Voltages for UX-201A Tube at 0.25 Amp. Filament Current __f at 0.06 Amp. Filament Current 


+ + ——— ¢—_ 4 — + — $ 
Í 


pr rr rr e a! 
| | | | 
| 


| j] i 
| > + + $ + - | + tl - + + —+ + + 
— e +— eS e -—+—_+— + , - 
+ - ~—_+—++ 
' 


# 
dd ANTES 
OEA EA AE 
“i SiR ee sees 
Beem ae wal ae 


a ts) ee 
SH A 


a 

HARTA est 

ALLA ert eTa 

olda T LAATALAFT EII ILL LG 1111] A E a O A LO we ELILE E E as 
-M -12 -10 -8 -6 -4 - O +2 +4 +6 +6 410 FZ Fy -14 -2 -10 -8 -6 -4 -2 O +2 +4 +6 +8 +10 +12 +14 

Grid Voltage Grid Voltage 
Fig. 24c. Grid Voltage—Plate Current of WX-12 Tube Fig. 24d. Grid Voltage—Plate Current of UX-200 Tube 
at 0.25 Amp. Filament Current at 1.0 Amp. Filament Current 


MAY 


SORTANT SRA 


, y 


a 
E 
w 

LL | 
SUBS 4ERRRE7.4R EER 


Se anr ane are 
HH H- eae 


QA IM A TT | 
NONI SERRE 4S Re AAA AIDA 
O 


O O A H- 
EA AA tt tt 
4 


Oy 
295 200407, 00/.00 400 40700088 A 
RARA AAA AAA 
OZA OY AT A 
SOOT 
+ ATAR AAA 
A A | 

Ae H Ht 
8 -6 -4 -2 O +2 +4 46 +8 +10 
Grid Voltage 


E 
PAN 
ALL 
| | tt Ed 
OLE 
e288 
TERE 


Se 
5 
Š 
5 


Fig. 24e. Grid Voltage—Plate Current”of UX-112[Tube Fig. 24f. Grid Voltage—Plate Current of UX-120 Tube 
at 0.5 Amp. Filament Current , _ at 0.125 Amp. Filament Current 


THE THEORY AND CHARACTERISTICS OF RADIOTRONS 


slight differences in these figures alone are not indica- 
tive of the merits of a tube unless other data are 
taken into consideration. 

Inspection of the curves will also show that there 
are differences in the total variation in plate current 
obtainable as well as in the plate-current variation 
per volt change in grid potential. This former factor 
1s important in determining the volume obtainable 
from an amplifier. 

Figs. 24a to 241 show a family of grid voltage—plate 
current curves at various plate voltages, one set for 
each tube, the filament in all cases being operated at 
normal current. 
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Fig. 24g. Grid Voltage—Plate Current of UX-210 Tube 
at 1.25 Amp. Filament Current 


In the case of all the tubes, except the UX-200 
(Fig. 24d), increasing the plate voltage has the effect 
of slightly increasing the slope of the characteristic 
curve and also shifting it to the left. For example, in 
the UX-199 (Fig. 24b) with 221% volts on the plate, 
changing the grid voltage from minus one to zero 
changes the plate current by ? 25 milliamperes while 
at 90 volts on the plate the same variation in grid 
voltage produces a change of 0.40 milliamperes in 
plate current. The curves show that this total varia- 
tion is much higher for the UX-201A (Fig. 24a) than 
for the UX-199 (Fig. 24b) tube. They also show that 
this variation in the case of the UX-112 (Fig. 24e) and 
the UX-120 (Fig. 24f) is much greater than fo- the 
UX-201A (Fig. 24a) and the UX-199 (Fig. 24b). 
For this reason these two tubes are particularly well 
suited for the last stage of audio-frequency ampli- 
fication. 
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Thus the action of the tube is improved by increas- 
ing the plate voltage. At the same time however, 
since the whole curve is shifted toward the left, the 
curved portion is shifted, for example, in the case of 
the UX-201A (Fig. 24a), from the region around 
minus one volt to the region around minus 12 volts. 


0 TTlef TAL PATTI IVA) 
“HE "$2 5G 3430 -26 -22-18 -/4 -10 -6 -2 2 +6 »f0 "12 
Grid Voltage 
Fig. 24h. Grid Voltage—Plate Current of UX-171 Tube 
at 0.5 Amp. Filament Current 
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Fig. 24i. 


In order to maintain the operation on the same por- 
tion of the curve, it then becomes necessary to use a 
negative grid bias: It can be seen from Fig. 24a that 
with 671% volts on the plate, a grid bias of 14% to 3 
volts will cause the tube to operate just above the 
lower bend in the curve. If the plate voltage is 
increased to 90 volts, the same grid bias will result in 
operation farther up on the straight portion of the 
curve due to the shift toward the left as previously 
mentioned. In order to operate on the same portion 
of the curve as before, the negative grid bias must be 
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increased to 3 or 41% volts. Thus the values ordi- 
narily recommended for the UX-199 (Fig. 24b), UX- 
201A (Fig. 24a), and WX-12 (Fig. 24c) tubes when 
operated at various plate voltages are as follows: 


Plate Voltage Negative Grid Bias 
67 4 volts 11to3 volts 
90 volts 3 to 4% volts 
112% volts 4Mto6 volts 
135 volts 6 to9 volts 


It will be seen from the curves that the use of much 
higher grid bias values is permissible with the UX- 
120 (Fig. 24f) and UX-210 (Fig. 24g) tubes. 

A change in plate voltage, however, also affects 
other characteristics of the tube, such as grid current 
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Fig. 25g. Plate Voltage—Plate Current of UX-210 Tube 


at 1.25 Amp. Filament Current 


and tube impedance, so the effect on reception cannot 
always be predicted simply on the basis of one of the 
factors involved. 

The curves for the UX-200 (Fig. 24d) tube show 
some radical differences from those of the other tubes. 
Below 20 volts on the plate, the slope is not very 
different from that obtained from the “hard” tubes. 
Above 22 volts, however, there is a decided change in 
the shape of the curve, the slope being very much 
steeper. Thus above a certain critical plate voltage, 
the exact value of which depends on the individual 
tube, the detector action is very much improved. 
This is very different from the hard tubes where there 
is no such abrupt change in characteristic with plate 
voltage. At higher plate voltages tests show that 
the detecting efficiency of the UX-200 (Fig. 24d) tube 
falls off again although the reason for this is not thor- 
oughly understood. 
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This necessitates a very close adjustment of plate 
voltage on the UX-200 (Fig. 24d) tube which can be 
obtained by connecting the negative “B” battery 
terminal to a slider on a high resistance connected 
across the filament ‘‘A’’ battery. This permits the 
variation of the voltage on the plate by very minute 
stages instead of the 114-volt steps obtainable by 
changing “B” battery taps. The saturation current 
for the UX-200 (Fig. 24d) tube is very small so that 
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Fig. 25i. 


the maximum variation in plate current is too small 
to permit satisfactory use of the tube as an amplifier. 


Plate Voltage—Plate Current Curves 

Figs. 25a to 251 show the relation between the plate 
voltage and plate current at different grid voltages. 
These curves readily show the amplifying effect of the 
grid. For example, in the case of the UX-201A (Fig. 
25a) tube at 90 volts on the plate, changing the grid 
from minus 41% to minus 3 volts increases the plate 
current from 4.5 to 5.75 milliamperes. With the grid 
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kept at minus 41% volts, it is necessary to increase 
the plate voltage from 90 to 99 in order to get the 
same increase in plate current. Thus a change of 
114 volts in grid voltage is the equivalent of a 
change of 9 volts on the plate; or the amplification 
of the tube is 6. 


Effect of Filament Current on Grid Voltage-Plate Current 
Curve 


The only regulation available to the user of a radio 
receiving set, in adjusting the operation of the tubes 
with a given plate voltage and grid bias, is the fila- 
ment rheostat which determines the filament current. 
Figs. 26a to 26i show the grid voltage—plate current 
characteristic at various filament currents. 
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Fig. 26g. Grid Voltage—Plate Current of UX-210 Tube 
with 425 Volts Plate Potential 


It will be seen that if the filament be operated 
above normal current, there is very little change in 
the shape of the characteristic curve and the perform- 
ance of the tube is not improved, while its life may 
be very materially shortened. A decrease in filament 
current, however, flattens out the slope and makes 
the curve much less steep at the same grid voltage 
and so decreases the loudness of the reception. 

Changing the filament current also has other effects 
besides changing the slope of the characteristic curve, 
for it also changes the voltage drop across the fila- 
ment which changes the effective plate voltage, grid 
bias, and the speed at which the electrons are initially 
emitted from the filament. It is generally simpler to 
determine the effect of any such change in conditions 
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by test than it is to make a complete analysis involv- 
ing all of the factors. 

The characteristics of filament current, voltage, 
resistance, etc., are given in Figs. 2la, 21b, and 22 
from which there can be determined the proper re- 
sistance, filament voltage, etc., to obtain the filament 
current given in Figs. 26a to 26i. 
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In this article the writers have endeavored to give 
the fundamental theory concerning Radiotrons and 
have not attempted to explain in detail their func- 
tioning in radio circuits. The latter cannot be given in 
general terms or in a limited space. For such informa- 
tion and for more complete data on the theory of radio 
tubes, reference should be made to more advanced 
papers and text books on the subject. 


(Concluded) 
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Condensed references to some of the more important recent 
articles in the technical press, and to new books of interest to 
the industry, as selected by the General Electric Main Library. 


Busbars 
Considerations that Influence Layout of Heavy Bus Struc- 
tures. W. . Boyce. 
Ind. Engr., June, 1927; v. 85, pp. 256-260. 


Cars, Gas-Electric 
Diesel Cars Reduce Operating Costs on C. N. R. 
Rwy. Age, June 4, 1927; v. 82, pp. 1739-1742. 
(Presents tabulated and other data on operating costs.) 


Electric Control Systems 


Steps in the Development of Control for Steel Mill Auxil- 
iaries. G. E. Stack. 
Ind. Engr., June, 1927; v. 85, pp. 261-266. 


Electric Drive—Steel Mills 


Application of Synchronous Motors in Steel Mills. Harry 
A. Winne. 
Iron & St. Engr., June, 1927; v. 4, pp. 250-256. 
Electrical Developments in the Iron and Steel Industry. 
W. H. Burr. 
Iron & St. Engr., June, 1927; v. 4, pp. 297-302. 


Electric Lighting— Aviation 
Night Flying Equipment for the Airdrome—Part I. Wilbur 
T. Harding. 
Aviation, May 23, 1927; v. 22, pp. 1079-1081. 
(A discussion of the present status in development of 
airport lighting. Serial.) 


Electric Motors, Railroad 


Momentary Stresses Developed While Bucking Railway 
Motors. L. M. Aspinwall. . 
Elec. Rwy., Jour., May 28, 1927; v. 69, pp. 951-954. 


Electric Ovens 


Low-Temperature Electric Ovens. Edwin Fleischmann. 
Ind. Engr., June, 1927; v. 85, pp. 276-280. 


Electric Transmission 
High Tension Interconnections of the United States: 
Keyed Map of Principal Systems and Their Control. 
Annalist, June 3, 1927; v. 29, pp. 788-789. 


Electricity —Applications— Agriculture 
Establishing a Rural Lines Department. Charles F. Stuart. 
Elec. Lt. & Pr., June, 1927; v. 5, pp. 76-80, 99. 
(Practices of the central station in developing the use 
of electric power on the farm.) 


Gas Turbines 


Proportioning of Nozzles for Explosion Turbines. E. C. 
Wadlow. 
Engr., June 3, 1927; v. 143, pp. 600-602. 


Hoisting Methods and Equipment 


Lifting Heavy Power-Plant Equipment. N. L. Rea. 
Power, June 14, 1927; v. 65, pp. 904-906. 


Insulating Oils 
Reclamation of Lubricating and Insulating Oils. Frank 
E. Gooding. 
Ind. Engr., June, 1927; v. 85, pp. 267-271. 


Locomotives, Oil-Electric 
Development of the Diesel-Electric Locomotive. 
Engng., May 20, 1927; v. 123, pp. 608-610. 
(Serial.) 


Mercury Boilers 
Mercury Vapor Power Plant at Hartford. 
Power, May 31, 1927; v. 65, pp. 818-819. 
(A short account of the most recent G-E equipment 
in the plant of the Hartford Electric Light Co.) 
Protective Apparatus 
Electrical Protection of Generators in Industrial Power 
Plants. Arthur J. Whitcomb. 
Power, May 31, 1927; v. 65, pp. 820-822. 


Radio Engineering—Amplification 
Performance of an Intermediate-Frequency Amplifier. 


Marcus G. Scroggie. 
T.E.E. Jour., June, 1927; v. 65, pp. 644-647. 


Short Circuits 


Short Circuit Phenomena inthe Power Plant. W. F. Suth- 
erland. 


Power Pl. Engng., June 15, 1927; v. 31, pp. 681-683. 
(The first of a series of three articles on the elementary 
features.) 


Steam Turbines 


Calculating Performance of Extraction Turbines. Brian M. 
Thornton. 
Power Pl. Engng., June 15, 1927; v. 31, pp. 669-671. 


Substations, Automatic 
Automatic Substations Control St. Louis Street Lighting. 
E. Vernon Ellett. 
Elec. Wld., May 21, 1927; v. 89, pp 1053-1057. 
Mercury Arc Rectifier Equipment. F. P. McKearin. 
Elec Lt. & Pr., June, 1927; v. 5, pp. 100-102. 
(Pertains to such rectifiers for use in automatic sub- 
stations for street lighting.) 


Vacuum Tubes 


Developments in Thermionic Valve Design. 
Engng., June 10, 1927; v. 123, pp. 717-719. 
(An abstract of three papers read before the I.E.E.) 


NEW BOOKS 
(These and other Technical Books may be purchased through the Circulation Dept. of the GENERAL ELECTRIC REVIEW.) 


Accounting Procedures for Public Utilities. Warren G. Bailey 
and D. E. Knowles. 471 pp., 1926, Chgo., A. W. Shaw Co. 
(The authors recognize the important relations existing 
between a public utility and its customers, stock- 
holders, employees, and the public in general. They 
feel that better accounting methods would contribute 

to better relations between the public utility and these 
other groups. To this end thev have written this book 

in the hope that it ‘‘may be of some help, particularly 

to public utility accounting executives, in pointing 

the way to better accounting methods and more use- 

ful accounting reports.” They have attempted to 
describe the accounting records that have been found 
necessary, to explain briefly the manner in which the 
records are kept, and to indicate the purposes for which 


the accounting information is used. In most instances 
the procedures presented are a composite of those used 
in various companies. Broadly, the subjects discussed 
are: uniform accounting for utilities, timekeeping and 
payroll methods, operating expenses, materials and 
merchandise accounting, revenue accounting, custo- 
mers' accounting, auditing, budgeting, and financial 
and operating statements.) 


Die Eigenschaften elektrotechnischer Isoliermaterialien in 
graphischen Darstellungen. U. Retzow. 250 pp., 1927, 
Berlin, Julius Springer. 

(Although this volume on the graphic representation of 
the properties of insulating materials is in German, a 
knowledge of that language is not absolutely essential 
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to its understanding. The first half of the work consists 
of 330 diagrams showing, by means of graphs, the 
electrical, mechanical and physical properties of in- 
sulating materials. The source of the data involved in 
the construction of each chart is given, together with 
references to collateral reading. The latter half of the 


and direct-current installations and networks, and 
discuss briefly circuit breakers, insulators, protective 
devices, excess currents and voltages, and the like. 
A ten-page bibliography and a subject index are pro- 
vided.) 


Insulating Oil; A List of References (1900-1925) in The New 
York Public Library. Arthur W. Fyfe, Jr. (Compiler.) 
71 pp., 1927, N. Y., The New York Public Library. 

(A list of 677 annotated references to books and periodi- 
cal literature on insulating oil available in the Refer- 
ence Department of the New York Public Library on 
March 1, 1926, excluding publications prior to 1900, 
and subsequent to 1925. A large proportion of the 
references listed would be available in any medium- 
sized collection of technical literature. For the purpose 
of this list, the compiler includes within the term 

Die elektrischen Maschinen; Einführung in Ihre Theorie und ‘Insulating Oil” those oils, and substitutes for oils, 
Praxis. M. Liwschitz. 336 pp., 1926, Leipszig, B. G. used in transformers, electrolytic arresters and feeder 
Teubner. regulators as an insulating and cooling medium, and in 


(A volume, in German, for the student or young engi- oil-switches and oil-immersed fuses as an insulating 


volume is devoted to an extensive bibliography con- 
taining 2295 entries, a ten-page supplementary bibli- 
ography covering the more recent literature, and the 
necessary indexes. Insulating materials in general are 
treated in three different sections; the first covers solid 
and fibrous materials, the second liquid and formed in- 
sulation and varnishes, and the third gases. This 
novel volume collects a great mass of scattered data 
and makes it more accessible to those interested in the 
important study of insulating materials.) 


neer, and intended as an introduction to the more 
advanced theory of electrical machinery, It treatsof the 
fundamental laws and theories pertaining to machine 
construction, but omits structural details and operat- 
ing phenomena of secondary importance. Only elemen- 
tary mathematics is employed. The earlier chapters 
outline the fundamental concepts of electricity and 
magnetism. Then follow, in order, treatments of the 


and arc-extinguishing medium. Patent records are not 
covered. The references are arranged chronologically, 
and alphabetically within the group for any one year, 
being then numbered consecutively. Adequate author 
and subject indexes refer to the items by number, and 
add very materially to the usefulness of the list. In 
view of the importance of insulating oils in the elec- 
trical industries, this compilation of references should 
prove a valuable tool for those making studies of the 


transformer, machine windings, asynchronous and y 
synchronous machines, the direct-current machine, subject.) 


the converter, and the alternating-current commutator Lehrbuch der Elektrodynamik. Vol. 1: Allgemeine Mecha- 
machine. A short bibliography and a subject index are nik der Elektrizitt. J. Frenkel. 365 pp., 1926, Berlin, 
included.) , Julius Springer. 


: oe (The first volume of a three-volume treatise, in German, 
aga Ng facta rico AE A 2 ee Still. 412 pp., on the mathematical theory of electricity and magne- 


tism. In an introductory section the author presents 
Electric Switch and Controlling Gear. Ed. 3, rev. and enl. 


the fundamentals of vector and tensor calculus. The 
Charles C. Garrard. 783 pp., 1927, N. Y., D. Van Nos- subject matter proper is divided into three parts; the 


trand Co. first deals with those electromagnetic phenomena 


(The sub-title of this substantial volume states that it is which are independent of the time element, the sec- 
“A Handbook on the Design, Manufacture and Use of ond considers those in which the time element enters, 
Switchgear and Switchboards in Central Stations, and the third discusses the relativity theory in its rela- 
Factories and Mines”: The author states that his tion to electromagnetic phenomena. The treatment 
main object is to elass iy electric switch and control is thoroughly modern, and requires, for its under- 
gear, and to state the principles underlying its design standing, a fairly comprehensive knowledge of mathe- 
and construction. No attempt has been made to matics and physics. Historical reviews and theories 
describe all the products of the many manufacturers, involving the ether are omitted.) 


those descriptions which are given being selected as  Spurenkunde der Elektrizitt. Stefan Jellinek. 101 pp., 
representative, or as illustrating some general prin- 1927, Leipzig, Franz Deuticke. 


ciple. The treatment has been kept as simple as pos- (This little German volume treats the rather specialized 


sible, each theory or construction being dealt with 
individually, with the idea that the reader shall be 
able to combine the various principles into whatever 
special scheme may interest him. Mathematical 
calculations have been used sparingly and are simple 
in nature. The topics covered are, briefly: materials 
and methods of manufacture; devices for making and 
breaking circuits; protective and regulating apparatus; 
starting and control apparatus; low, medium, high 
and extra-high tension switchboards, and their acces- 
sories. Considerable attention is given to switchgear 


topic of the traces and marks left on animate and in- 
animate objects by electrical discharges such as light- 
ning, arcs due to excess voltages, and the like. It 
studies not only the more usual burns and marks made 
on human beings and on inanimate objects by electri- 
cal discharges, but describes many special forms of 
such traces. Among the latter it notes such peculiar 
effects as circular, spiral, and symmetrical marks. 
As is to be expected, the text is plentifully interspersed 
with illustrations of the various phenomena studied.) 


standardization, several appendices being devoted to Taschenbuch der drahtlosen Telegraphie und Telephonie. 
that topic. This third edition has been revised in F. Banneitz (Editor.) 1253 pp., 1927, Berlin, Julius Springer. 


accord with the rapid progress being made in the (This German-language volume is probably the first 
comprehensive handbook of radio engineering. It 


brings together a large volume of information hitherto 
scattered throughout the pages of technical maga- 
zines and society publications. As is usual in engineer- 
ing handbooks, it represents the work of a staff of 
specialists, the whole being edited by Dr. Banneitz. 
The book is divided into seven main sections. Sec- 
tion 1 deals with fundamental principles, touching on 
mathematics, physics, electrical engineering, and tele- 
phone and telegraph practice. Section 2 reviews the 
mathematical and physical principles of high-fre- 
quency engineering. Section 3 considers the details of 
various high-frequency apparatus. Section 4 deals 
with high-frequency measurements. Section 5 takes 
up receiving and transmitting equipment and meth- 
ods, including short-wave transmission and carrier- 
current communication. Section 6 pertains to radio 
stations and radio communication, rules and regula- 
tions, lists of stations, and the like. Section 7 1s de- 
voted to tables of constants, bibliographic lists, glos- 
saries, etc. A subject and author index completes a 
useful volume.) 


industry, and it is the author's hope that it ‘‘will prove 
useful to designers and manufacturers of switchgear, 
as well as to purchasers and users.’’) 


Hochspannungstechnik, Arnold Roth. 534 pp., 1927, Ber- 
lin, Julius Springer. 


(A German treatise on high-tension apparatus and phe- 
nomena. The larger part of the work is devoted to in- 
sulation and insulating materials, discharge phenom- 
ena, and related topics. The book opens with a chapter 
on the electric field, this being followed by chapters 
on solid insulation and on oil and air as insulation. 
After a consideration of electromagnetic oscillations 
and harmonics in electrical circuits, the author con- 
tinues by studying the forces acting on insulation 
under various conditions of service. Here are consid- 
ered the effects of over-voltages, lightning, etc. This 
brings us to Chapter IX, which deals with methods 
and equipment for high-tension testing. Arcs in air 
and under oil are the subject of Chapter X. The re- 
maining three chapters deal with apparatus and phe- 
nomena peculiar to high-tension alternating-current 
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Unloading 70 tons 
of coal every 2 minutes 


A G-E Motorized Power hoist pulls a car of coal to the top 
of a platform. Another lifts the car and turns it upside 
down, dumping the coal into a chute. The coal rushes down 
the chute into the boat. Meanwhile another car comes up 
to the platform and kicks the empty car out of the way. 
The whole operation takes 2 minutes and costs 5 cents a ton. 


; i With shovels and wheelbarrows, it would take 6 hours to 
G-E motorized Power is more 


than a motor and its control. unload a car of coal. 

Itis a practical and economical A i à 

application of electric power. The function of G-E Motorized Power is to reduce the 
“Built in” or connected to all time required to perform a given task. In every kind of 
types of industrial machines or Š = A A = 
household: ‘appliances, GLE work where power is needed to lift, to drive, to turn 
Motorized Power provides the G-E Motorized Power means maximum speed and economy. 


flexibility required by the infi- 
nite variety of power applica- 
tions in modern practice. 


General Electric Company 
Schenectady, N.Y. 
Sales Offices in Principal Cities 


otorized Power 
~fitted to every need 
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“Where lofty mountains once held sway 
Electric power now makes its way.” 
—Anonymous 
A View Along the Great Northern Railway, with Mount Index in the Background. An extensive Electrification 
and tunneling program is now being carried out on the Cascade Division of the Railway 


In This Issue : Great Northern Railway Project Power Supply for Great Northern 
Vacuum Tubes as Generators Fuse Design Locomotive Transformers 
Quantity Production and Testing Railway Locomotives Industrial Electric Heat 


WHEELER 
Equipment at 
Fort Lauderdale 


Condensers —two 20,000 sq. ft. 
single pass condensers serving for 
each of the two 25,000-kw. turbines 
at present installed. 


Evaporators—double effect high pres- 
sure make up evaporators. 


Stage heaters, gland seal con- 
denser, evaporator condenser. 


Steam jet vacuum pumps. 
Circulating pumps. 
Hotwell pumps. 


The second condenser is of pat- 
ented design with one tube plate 
floated upon a rubber expansion 
joint so that the tubes may be 
rolled in at both ends. Tube 
packing is eliminated. A com- 
plete description of tests upon a 
similar unit at the Trinidad Sta- 
tion, Texas Power and Light 
Company, is available. Write 
for a copy. 
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At left—Wheeler Con- 
denser and Circulating 
Pumps. 


Center—Heaters 


Below—External view 
of Fort Lauderdale 


Station. 
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LARGEST SINGLE-UNIT FREIGHT LOCOMOTIVE IN SERVICE 


(See pp. 472, 474, 477, and 483) 
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THE GREAT NORTHERN RAILWAY EXTENDS ELECTRIFICATION 


The vast railroad systems of the United States con- 
stitute one of the greatest industries in the world to- 
day. Probably no other business has been favored 
with such an array of highly competent officers and 
men as the transportation systems of this country. 
Upon them rests the work of moving the ever-increas- 
ing freight and passenger traffic that has contributed 
so vitally to the growth of industry and to the widen- 
ing of social life in America. 

During the past fifteen years the transaction of 
railroad business has been handicapped however by 
constantly increasing cost for labor and materials, 
but in spite of these discouraging conditions the per- 
sonnel of the railroads has attacked the problem with 
a will and has made remarkable progress in reducing 
the costs of operation and at the same time improving 
service. 

The efficient handling of freight outside of the ter- 
minals is largely dependent upon the speed of move- 
ment attained. This speed in turn is affected by the 
character of the road and its profile, and the character 
and condition of the motive power and rolling 
stock. If a volume of business exceeding the 
capacity of the tracks is to be handled, delays are 
unavoidable. 

The passenger business depends upon the fre- 
quency and speed of the train schedules, the attrac- 
tiveness of the equipment, and in some cases upon 
the scenic attractions along the right-of-way. 

Millions of dollars have been spent and more are 
being expended annually to improve the track and 
road bed, to lay heavier rails, reduce grades and 
curvatures, and to purchase new motive power and 
rolling stock, and on a number of roads to carry out 
extensive electrification programs. 

Electric locomotives are now operating in every 
department of the transportation system: main-line 
freight and passenger business, switching yards, 
suburban and terminal electric zones, and more re- 
cently with the oil-electric locomotive and the gas- 
electric car, the handling of light-trafhc branch-line 
business. Electricity has demonstrated its ability in 
every field to handle heavier trains at higher speeds, 
thus in one stroke increasing the capacity of a given 
set of tracks, expediting the handling of business, 


reducing the cost of labor and material, and thereby 
improving the net revenue. 

Advantages are also found in the lower cost of 
electric power as compared to locomotive fuel, the 
elimination of smoke, cinders and dirt, and a great 
reduction in the cost of maintaining electric as com- 
pared with steam locomotives, the advantages accru- 
ing from the use of regenerative electric braking on 
grades, and a general improvement in business result- 
ing from the more attractive equipment. 

In localities where there is an abundant supply of 
hydro-electric energy, cheap power is available even 
in competition with the low rates of coal which are in 
effect at this time. In other localities, great networks 
of power lines are now tied together and an abundant 
supply of power is available from central-station 
companies largely equipped with steam-generating 
stations. The reliability of this power supply and the 
extensive reserve behind it make it preferable to 
isolated-plant supply. Furthermore, the railroad 
company in electrifying its lines is relieved of the 
heavy expenditures for building a power station of 
its own and in some cases is able to purchase power 
delivered to the trolley line at the voltage required 
for locomotive operation. 

The improvements being made by the Great North- 
ern Railway on its Cascade section include, with the 
electrification, the building of a ten million dollar 
tunnel for the purpose of grade and curve reduction 
and the building of a new cut-off 16 miles in length. 
These will have a very decided effect in reducing the 
cost of operation, and it is expected that the electri- 
fication alone will produce sufficient increase in the 
operating revenue to more than justify the investment 
in the electrical equipment. The entire character of 
the Cascade crossing is being changed from a heavy- 
grade high-curvature district where severe winter 
conditions are encountered, to a comparatively high- 
speed high-capacity line. 

The officers and engineering staff of the Railway are 
to be congratulated on the far-sighted policy which 
will enable them in a single progressive move to 
effectively reduce grades, curves, and at the same time 
take advantage of the many economies incident to 
electric operation. W. D. B. 
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Great Northern Improvement Program 


Scope of Project—New Electrified Zone—Reduces Grades and Curves— 
America's Longest Tunnel 


By CoL. FREDERICK MEARS 


Assistant Chief Engineer, Great Northern Railway 


Great Northern tracks over the Cascades, a 

most important program of grade and curve 
reduction and the elimination of snowsheds is being 
carried out between Wenatchee on the east slope and 
Skykomish on the west. These projects call for the 
expenditure of many millions of dollars. 

The most important feature of this work is the 
long tunnel, now about half completed, between 
Berne and Scenic. This tunnel is 7.79 mi. long, and 
is by far the longest railroad tunnel on the American 
continent. 


(C Great Norin with the electrification of the 
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Fig. 1. 


The electrification which is a part of the tunnel 
project will extend over all of the mountain grades 
in the Cascade Division, and will make possible a 
material reduction in running time of both passenger 
and freight trains. 

The contract for building the tunnel was placed 
with A. Guthrie & Co., Inc., and the work was started 
in December, 1925. It was estimated at that time 
that the bore might be “holed through” by Novem- 
ber, 1928, or about three years from the time of 
letting the contract. To date, the work is about up to 
schedule in spite of the necessity for timbering soft 
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Map of the Great No:thern Railway Through the Cascade Range, Showing the Location 


of the Construction Work on the New Cascade Tunnel and a New Line Between 
Peshastin ani Winton 


When completed, the new tunnel will afford the 
following advantages: 

(1) Permanent protection from snowslides. 

(2) Elimination of heavy expenditures for main- 

taining snowsheds. 
.(3) Reduction in operating costs through heavy 
snow belt during winter months. 

(4) Shortening the distance by several miles. 

(5) Elimination of much heavy curvature. 

(6) Lower summit elevation and lessening total 
of rise and fall. 

Although this improvement will involve an outlay 
in excess of $10,000,000, the expenditure can be fully 
justified by the elimination of the snowsheds, with 
their high maintenance cost and constant fire risk. 
The improvement in grade and track alignment, 
reduction in rise and fall, and the benefits from elec- 
trification are also sufficient in themselves to justify 
this capital expenditure. 


ground at the start and encountering water in the 
Pioneer tunnel in quantities as high as 9000 gallons 
per minute. On this portion of the work, however, the 
drifting is up grade and the water drains naturally 
on a 1.56 per cent grade. Fortunately, very little 
water has been found in the East Portal workings and 
the Mill Creek shaft, where a provision for gravitv 
flow is not possible. 

All of the work is being carried on by electric power 
or by compressed air supplied from electricaliy- 
driven compressors. For handling the excavated 
material, more than ten miles of narrow gauge railroad 
has already bcen constructed. In the main tunnel the 
tracks are 36-in. gauge and 20-ton General Electric 
mine type locomotives are used equipped with gather- 
ing reels and flexible cable for extending the working 
range beyond the end of the trolley supply. In the 
Pioneer tunnel, 6-ton locomotives of the same type are 
used on a 2-ft. gauge track. These tracks run from both 


GREAT NORTHERN IMPROVEMENT PROGRAM 


portals to the dumps and the locomotives are also 
used for discharging material from the Mill Creek 
shaft. In all, there are 39 locomotives, taking power 
from a 250-volt trolley system. The trolley is supplied 
from eight synchronous motor-generator sets suitably 
located and having a total capacity of 1500 kw. 

Energy is supplied to all three camps at 2300 volts, 
3-phase, 60 cycles, being transmitted to Scenic over 
a 13,200-volt line from the Great Northern substation 
at Skykomish. The Berne and Mill Creek workings 
receive power over an extension of this line from 
Scenic. 


COMPARISON OF OLD AND NEW LINES 


BERNE TO SCENIC 
Favorab'e to 


O'd Line New Line New Line 
¡EXA MA NE T 17.67 mi. 9.99 mi. 7.68 mi. 
Maximum Curve. oia aaas 10 deg 6 deg. E. 
Total curvatures <its «aes 2128 deg. 187 deg. 1941 deg. 
Maximum grade......... 2.27% 2.2% 53% 
Summit elevation........ 3382 ft 2881 ft. 501 ft. 
Total rise westward...... 546 ft 45 ft. 501 ft. 
Total fall westward...... 1325 ft 824 ft. 501 ft. 
Snowsheds, total length... 6.04 mi 0.0 mi. 6.04 mi. 
Bridges, total length..... 0.23 mi 0.04 mi. 0.19 mi. 
‘Tunnels, total length..... 3.66 mi 7.79 mi. eck 


The extension of the electrification east to Wenat- 
chee will be pushed rapidly in order that it may be 
ready for operation by the time the long tunnel is 
completed. 


Chumstick Cutoff 

Another improvement which is going forward on 
the Great Northern within the proposed electric zone 
is the construction of a new line between Peshastin 
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Longitudinal Section of New Cascade Tunnel 


and Winton, Washington. The present line between 
these points, 17 mi. in length, for the larger part of 
the distance runs through a narrow canyon and has 
76 curves with a total of 2060 deg. curvature. The 
new line has a total of only 24 curves totaling 636 
deg. The old line has maximum curves of more than 
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9 deg., while the new cut-off will not have any curve 
in excess of 3 deg. 

The grades on the present line include six miles- 
of 2.2 per cent compensated. On the other hand, the 
new line, besides being 1.02 mi. shorter, has no grade 
in excess of 1.6 per cent compensated. All of these 
factors assist in giving a line of fairly high-speed 
operating characteristics. 


Fig. 3. A View in the Pioneer Tunnel Near the West Portal, Showing 
a 6-ton Mine-type Locomotive Flowing Through Water Which 
at Times Was Encountered in Very Large Quantities 


The new line runs through an open country, thus 
eliminating the necessity for snowsheds, and reduces 


=- winter operating costs. 


Fortunately, the old line passes through an unpop- 
ulated region and no difficulties due to abandonment 
of line will be encountered. The estimated cost of 
the new line is $3,600,000. 

A. Guthrie & Co., of St. Paul, have undertaken the 
contract for this new line and completion will be in 
time for electric operation with the opening of the 
new tunnel. 

The advantages of the new line are summarized 
in the following table: 


DATA ON CHUMSTICK LINE 
PESHASTIN TO WINTON 
Present Line 


ene Dibus 17.22 mi. 16.20 mi. 


MAXITAUM TUVO dis cur 9 deg. 30 min. 3 deg 
Total CUEVA tU reir 2060 deg. 636 deg 
Number Of Curvesis si i562 76 24 


Maximum gradé..cisisicass 220% 
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Power for Great Northern Electrification Supplied by 
Puget Sound Power « Light Company 


Power Resources of Territory — Reasons for Railroad Purchasing Rather Than Generating Power— 
Electric Operation Estimated to Require 25,000 Horse Power 


By G. E. QUINAN 
Chief Engineer, Puget Sound Power & Light Company 


ITH approximately one-sixth of all the 
potential undeveloped water power of the 
United States within its borders, the State 


of Washington not only leads all other states in the 
Union in hydro-electric possibilities but in the appli- 


cation of electricity to commercial, rural, and domestic — 


purposes as well. In estimating the water power 
resources of the country, the United States Geological 
Survey finds that the State 
of Washington has a mini- 
mum of 4,932,000 horse 
power and a maximum of 
8,670,000 horse power avail- 
able in the rivers and 
streams of the state. 

It is estimated that 
somewhat less than 700,- 
000 horse power of water 
power has been developed 
to date and that this rep- 
resents a per capita pro- 
duction of almost 0.4 horse 
power for every man, 
woman, and child in the 
state. It is interesting to 
note that estimates of per 
capita development in Cali- 
fornia are almost the same 
and that these two states 
lead all other states in this 
respect. 

The figures just quoted 
do not of course take into 
consideration the steam 
plant capacity, more than 
100,000 horse power of 
which is developed within the state and used largely 
as a substitute for water power when the streams are 
low in the fall and winter months, and also as a 
standby in case of accident to the water-power gen- 
erating machinery or transmission lines. 

Some idea of the extent to which electricity is 
utilized in Washington may be obtained from the 
fact that a survey conducted by the National Electric 
Light Association disclosed that but three per cent 
of the farms of the United States are electrified, 
whereas a similar survey conducted in the State of 
Washington showed that more than 50 per cent of 
the farms of that state make use of electric light 
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and power service, while more than 70 per cent of 
the farms situated west of the Cascade Mountains 
are electrified. More than 35,000 farms are served by 
the Puget Sound Power & Light Company alone, while 
at the close of 1926 nearly 17,000 electric ranges— 
almost one for every five resident customers—were 
connected to its lines. These figures are unequalled 
in any other territory in the world. 

It may be a matter for 
thought why, in a state so 
wealthy in hydro-electric 
resources and wherein elec- 
tric power is of such uni- 
versal application, the 
Great Northern Railway 
did not prefer to construct 
its own power plant rather 
than purchase electricitv 
from a power company. 

As a matter of fact, the 
railroad company has found 
it doubly advantageous to 
buy power from a com- 
pany having large power 
resources. By so doing, it 
is assured of a greater con- 
tinuity of energy supply, 
for the power company’s 
plants are not only inter- 
connected among them- 
: selves but, in addition, are 
es inter-connected with the 
A power plants of other sys- 
tems so that all possibility 
interruption resulting 

from accident to any single 
generating station is virtually eliminated. 

Furthermore, it has been found that the railroad 
company can purchase power much more cheaply 
than it can produce it for the reason that any power 
station that could be constructed of capacity large 
enough to serve the demand of the railroad would, 
of necessity, be idle a great part of the time, while 
the interest, operating expense, and depreciation 
charges would go on just the same. On the other hand, 
by purchasing power, the Great Northern Railway 
has to pay only its own proportion of such overhead 
costs while the balance is distributed among thou- 
sands of other customers of the power company. 
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POWER FOR GREAT NORTHERN ELECTRIFICATION 


Still another advantage which the railroad secures 
by purchasing power from a large central station 
company lies-in the fact that regenerative braking 
can be adopted. Under this plan of operation, 
the motors which drive the locomotives up grades 
and along level stretches, become generators when 
the train is going downgrade and then produce 
electricity instead of consuming it. The current so 
generated is fed back into the power system and, 
naturally, must be absorbed at some point or other. 
In actual practice, part of this current might be 
absorbed by other trains but the amount would 
be so small that regenerative braking would prove 
uneconomical on a railroad served by a single 
power plant operated for railroad purposes only. 
Under the present arrangement, the power pro- 
duced by regenerative braking is fed back into the 
power company’s general system and is absorbed by 
other customers. 
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Fig. 1. Map Showing the Relation of the Inter-connected System of the Puget Sound Power & Light Company 
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This method of braking represents a further sub- 
stantial economy in operating costs since retarding 
the speed by operating the traction motors as gen- 
erators greatly reduces the wear and tear on the 
wheels, brake-rigging, and brake shoes. 

The Puget Sound Power & Light Company, which 
furnishes the Great Northern Railway with power 
for its electric operation, comprises a system of 
thirteen hydro-electric generating plants which, with 
subsidiary steam plants, has a total capacity of 
approximately 250,000 horse power, and the territory 
served extends from the British Columbia boundary 
line on the north to the Columbia River on the south 
and as far east as Wenatchee. 

It is estimated that when the electrification of 


the Great Northern Railway has been completed 
from Skykomish to Wenatchee (Wash.), a distance of 


82 miles, and 1s in full operation, the railroad require- 
ments will be about 25,000 horse power. 
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to the Great Northern Railway Electrification 
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Fig. 2. White River Hydro-electric Plant of the Puget Sound Power & Light Company, Which is One of the Plants in This System 
That Furnishes Energy for the Electric Operation of the Great Northern Railway 


Fig. 3. Generating Room of the White River Hydro-electric Plant 


477 


~Motor-Generator Type Locomotives for 


Great Northern Railway 


Single-phase A-c.-D-c. Locomotives to Handle Present Freight and Passenger Traffic—Mechanical: 
Features of Construction—Electrical Converting and Driving Equipment—Control 
System and Auxiliaries 


By ROBERT WALSH 


Locomotive Division, Railway Equipment Engineering Dept., General Electric Company 


engineers and laymen in the new tunnel 

through the Cascade Mountains and the 
extended electrification which is being made by the 
Great Northern Railway in that region. A number of 
new and interesting deyelopments have occurred 
during the progress of this work; and amongst these 
new developments the two motor-generator type 


M os interest has been manifested by both 


locomotives, which have recently been built, suppiy. 


their quota of interest. It is the purpose of this 
article to describe, briefly, the points relating to 


Fig. 1. End View of One of the New Single-phase Locomotives. 
(A side view is shown in the frontispiece of this issue) 


these locomotives which might be of interest, without 
going at all deeply into the fundamental design of the 
locomotives. 

Motor-generator type locomotives, possessing as 
they do an extreme flexibility of control, lend them- 
selves particularly well to certain types of railroad 
operation. Until the present developments are com- 
pleted, the Great Northern locomotives will be used 
in both freight and passenger service between Skyko- 
mish (Wash.) and the present Cascade tunnel, which 
is a distance of 24.6 miles. They will then be operated 


between Skykomish and Wenatchee. When electri- 
fied, this route will be about 72 miles in length and 
will include the new 734-mile tunnel and a new cut- 
off which will reduce a larger part of the present max- 
imum grade of 2.2 per cent to 1.6 per cent. Inciden- 
tally, these are the largest single-unit motor-generator 
type locomotives that have yet been built. 


General 

The locomotive is of the geared motor type and has 
the converting apparatus and cab mounted on a 
cab-underframe, which in turn is supported through 
two center plates on two trucks. The trucks are 
articulated and each truck has three driving axles 
with an extension of the truck resting on a single-axle 
radius-bar guiding truck. 

Single-phase power is obtained from the trolley at 
11,000 volts, 25 cycles, and is transformed to 2300 . 
volts. A synchronous motor operated at 2300 volts 
drives, through a flexible coupling, two direct-current 


' generators which are connected in series and supply 


current at 1500 volts potential to the traction motors. 
The speed of the locomotive is chiefly controlled by 
varying the voltage of the generators, additional 
speed being obtained by two field-shunting positions. 

The data in Table I indicate the general features 
of the mechanical design of the locomotive. 


TABLE 1 

LOCOMOTIVE DIMENSIONS 
Classification: EA A 1-—C+C-1 
COS OR E AO A 4 ft. 8% in. 
Total weight ck ocak ese a er a ee 518,000 1b. 
Total weight on drivers................o.o.o.. 409,800 1b. 
Weight per driving axle..................... 68,300 1b. 
Dead weight per driving axle................ 16,100 1b. 
Weight per guiding axle.................... 54,100 lb. 
Total wheel base........................... 58 ft. 8 in 
Maximum rigid wheel base.................. 15 ft. 4 in 
Diameter of driving wheels.................. 55 in 
Diameter of guiding wheels................. 36 in 
Length overall (inside knuckles)............. 73 ft. 9 in. 
Width overall............................. 11 ft. % in 
Height over pantograph (locked down)....... 15 ft. 3 in. 
Number of MOtOTS............ ooo... ooo... 
Type of MOl OFS iaa GE-290-A 
Minimum radius of curvature............... 250 ft. 


Mechanical Construction 

The box-type cab 1s 63 ft. in length and has sides 
and ends of 3;-in. steel plate riveted to a structural 
framework stiffened by bolster bars and a 14-in. steel 
plate floor. The bolster bars are bolted and riveted to 
the cab-underframe at two places 31 ft. 1 in. apart. 
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The cab-underframe is made up of four 18-in., 45.8- 
lb., shipbuilding channels riveted together with bars 
so as to form two I-beams which extend the entire 
length of the cab. In addition to the bolster bars and 
cross-plates which stiffen and join the two I-beams, 
steel plate is riveted along the top and bottom, 
making an air duct through which air is supplied to 
all the motors. 

An interesting piece of shop practice was accom- 
plished during the building of the cab-underframe. 
Clearance conditions did not permit the use of 18-in., 
45.8-1b., shipbuilding channels above the trucks where 
the center plates are situated. It was therefore de- 
cided to cut a piece of metal, approximately 17 ft. 
long by 9 in. wide and tapered at the inner end, out 
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Also, because of the heavy snowstorms that are 
experienced in the Cascade Mountains, the louvers 
are so made that they can be closed during the 
storms. Movable vanes in the roof of the cab are 
provided which allow the air discharged from the 
converting machinery to be disseminated inside the 
cab, when the louvers are closed, instead of being 
emitted through the roof hatches as is done nor- 
mally. The interior of the engineman’s compartment 
is insulated with cork in order to make him comfort- 
able during extremely cold weather. 

The roof is made of No. 8 tank steel and has 
three separate hatches so as to facilitate the removal 
of the converting apparatus and compressors from 
the cab. 


Fig. 2. 


The Trucks of a Great Northern Locomotive 


Fig. 3. 


Articulated Joint Between the Trucks Shown in Fig. 2 


of the end of each channel near the neutral axis \. Although the speed of the locomotive at the con- 


and then bring the divided surfaces together in a 
welded joint. This was done very successfully at the 
Schenectady plant of the American Locomotive 
Company. 

There is an engineman’s compartment at each end 
of the cab; and between each are located the direct- 
current control apparatus compartment, starting 
motor and regenerative braking exciter, main direct- 
current generators, traction-motor blowers and mo- 
tor, synchronous motor, transformer blowers and 
motors, main transformer, compressors and alter- 
nating-current control apparatus compartment in the 
order named. The two control apparatus compart- 
ments are completely enclosed and apparatus can be 
reached only by opening doors or taking off covers. 
The louvers are placed in the cab sides opposite the 
control apparatus compartments. This is done so 
that any rain that may be forced through the louvers 
will hit only the sheet steel co rering the compart- 
ments and then run down to the floor of the cab. 


tinuous rating is only 18.6 miles per hour, the trucks 
have been so designed that the locomotive may be 
run at a much higher speed and still retain good riding 
qualities. A speed of 45 miles per hour was attained 
on the test track and at this speed the riding qualities 
of the locomotive were exceptionally good. 

The side frames, end frames, air ducts, and tran- 
soms of each driving truck are combined in a single 
steel casting which, together with the articulated 
joint, take all buffing and hauling stresses. The 
complete trucks are mounted on semi-elliptic springs 
equalized in four groups arranged so as to give three- 
point suspension to each truck. The two axles on 
both sides of the articulated joint are side-equalized 
only, thus forming suspension at two points, while the 
driving axle on each truck is equalized to the center 
plate of its adjoining guiding truck which gives the 
equivalent of the single-point suspension. This makes 
certain that the weight carried by the guiding trucks 
(which is necessary for good guiding) be of a constant 
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value irrespective of external conditions. The traction 
motors are so mounted that the “weight shifting”’ will 
be practically negligible regardless of the tractive 
effort exerted by the locomotive. 

Provision is made for lubricating most of the 
wearing parts on the trucks by means of the Dot 
system of lubrication. 

These mechanical features of construction furnish 
in part the background for the locomotive’s electrical 
characteristics, listed in Table II. The various elec- 
trical units are described in the remainder of this 
article. 


= TABLE Il 

dl ELECTRICAL CHARACTERISTICS 
Voltage at trolley (25 cycle).................. 11,000 
Tractive effort, one-hour rating............... 67,200 1b. 


Horse power, one-hour rating................ 3,300 


Speed at one-hour rating, full field............ 18.2 m.p.h. 
Tractive effort, continuous rating............. 60,500 1b 
Horse power, continuous rating.............. 3,000 
Speed at continuous rating, full field.......... 18.6 m.p.h. 
Tractive effort at 30 per cent coefficient of adhe- 

O A esky fal oe E EEEE A E EN 120,600 Ib. 
Gear TAO iS BERETA 21 /82 
Voltage at synchronous motor (single-phase)... 2300 
Voltage of each of main generators (d-c.)...... 750 
Voltage of starting motor (d-c.).............. 120 


Voltage of main exciter (d-C.)................. 65 
Electro-pneumatic 


Type of control (non-automatic)....... i Multiple-unit 


Converting Apparatus 

An air-blast transformer* is used to transform the 
current collected at the trolley from 11,000 volts to 
2300 volts. Two blowers, each driven by a single-phase 
repulsion motor, supply air to the transformer. In 
case of the failure of one blower, the other will deliver 
sufficient air to the transformer under ordinary condi- 
tions, though indicating lights are installed in the 
engineman’s compartments to inform him of such 
failure. 

The motor-generator set is comprised of five units 
mounted on two shafts, three units being mounted on 
one shaft and two on the other. The two shafts are 
coupled together by means of a Fast flexible coupling 
which allows for angular and offset misalignment. 
The units comprising the motor-generator set are 
listed according to the functions that they perform 
in the following order: 

(1) A synchronous motor operating on 2300 volts 
and having three-phase stator windings, though de- 
signed for single-phase operation. The shaft of this 
motor has 3};-in. end-play and is mounted on two bear- 
ings, an extension of the shaft carrying the mainexciter. 

(2) A 65-volt direct-current exciter that supplies 
the control current, the excitation for the main 
generators and regenerative braking exciter, and 
battery charging current. This exciter is overhung on 
the shaft of the synchronous motor. 

(3) Two 750-volt generators connected in series 
and supplying current to three groups of traction 
motors, each group of which consists of two motors 
connected in series. The magnet frames of these two 


*Described by G. L. Mower on p. 483 of this issue..— EDITOR. 
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generators are bolted together; and both armatures 
are mounted on a single shaft carried by two bearings. 
An extension of this shaft carries the combined start- 
ing-motor and regenerative exciter. The shaft has an 
end play of >»; in. 

(4) A combined starting-motor and regenerative 
exciter that is used as a single-phase series motor in 
order to start the motor-generator set, or as a direct- 
current generator to excite the fields of the traction 
motors during regeneration. 

In order to start the motor-generator set it is only 
necessary for the engineman to press a button 


Fig. 4. Parts of the Flexible Driving Gear Used 
on the Great Northern Locomotives 


situated within easy reach. The synchronous motor 
then synchronizes automatically in one minute, with 
normal voltage on the trolley. 


Traction Motors 

Six GE-290-A-750/1500-volt forced ventilated, rail- 
way-type motors are geared to the six driving axles. 
These motors have box frames, twin gears and 
commutating poles, and are supported on the axles 
by axle brackets and bearings and on the transoms by 
spring nose supports. The trucks of the locomotive 
are so constructed that each motor can be dropped 
into a pit after the removal of the journal boxes, 
shoes, pedestal tie bars, axle brackets, motor nose 
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suspension springs and motor ventilator flanges. 
Each motor receives 3500 cu. ft. of air per min. from 
the main air duct which is inside the cab-underframe 
and runs from No. 1 motor to No. 6 motor. 
Cushion-type gears are used+in order to equalize 
the stresses in the gears and pinions as much as 
possible and to absorb the shocks which, with a solid 
gear and pinion, are delivered on the teeth. The gear 
is made up chiefly of two parts, a cast-steel center 
and a forged steel rim. The gear center is prevented 
from turning inside the rim by numerous leaf springs 
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Fig. 5. Current-collecting and Auxiliary Equipment Mounted 


on the Roof of the Cab 


placed in slots in the rim and center, allowing a small 
movement between the two. The pinions are made of 
forged steel. One pinion is mounted on each end of 
the armature shaft. 


Control 

The control used is of the well-known electro- 
pneumatic type arranged for non-automatic, multiple- 
unit operation. 

Current is collected by means of two spring-raised, 
air-lowered, slider pantograph trolleys. One trolley 
has sufficient current-carrying capacity, two being 
provided so that under abnormal conditions both may 
be used or, in the event of one failing, the other will be 
available. It is possible for the engineman to unlock 
or pull down either or both trolleys from each engine- 
man's compartment. 
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A master controller is placed in each engineman's. 
compartment. This controller has a main cylinder: 
with 26 notches and a braking cylinder with 16 
notches. The first 24 notches of the main cylinder 
control the shunt fields of the two main generators, 
and the last two notches control the current in the 
traction motor field circuits. The 16 notches on the 
braking cylinder control the shunt field of the regen- 
erative braking exciter. When the locomotive is. 
motoring, the main cylinder only is used; when the 
locomotive is regenerating, all of the notches on both 
cylinders, with the exception of the two field-shunting 
notches, can be used. This gives an extremely flexible 
control during braking; and, as each of the 26 notches. 
of the main cylinder are running notches, the flexi- 
bility of control during motoring is also remarkably 
good. Regeneration is established automatically when 
the voltage across the main generators is equal to the 
voltage across the traction motors. This balanced- 
voltage condition is obtained by manipulation of the 
controller handles. In order that the locomotive may 
on occasion pull a heavier train at lower speed, a small 
switch mounted on the master controller changes the 
motor grouping from the three groups of two in series 
to two groups of three in series. It is not possible to 
use this connection to regenerate, or shunt the current 
in the traction motor fields. One side of each 
main generator is grounded in order to give a max- 
imum potential above ground of 750 volts on the 
traction motor circuits. 

During the testing of the locomotive, regenerative 
braking operation was carried out with the help ofa 
New York Central Class H-10 steam locomotive. 
Various tests were made with the steam locomotive 
pushing the Great Northern locomotive; and it was. 
found that regeneration could be established at any 
speed up to 40 miles per hour. The steam locomotive, 
with the throttle wide open, was brought down to a. 
speed of three miles per hour by means of the regen- 
erative braking. 

There is a high-speed circuit breaker in each of the 
main generator circuits. These breakers not only pro- 
tect the main generators but give overload and short- 
circuit protection to the traction motors. They serve. 
also as line breakers and can be opened and closed by 
means of a push-button within reach of the engineman. 

Electro-magnetic contactors control the compressor: 
motors and traction-motor blower motor. The con-- 
tactors for the blower motor are actuated by push- 
button switches within reach of the engineman when 
in either operating compartment. There are no. 
contactors in the transformer-blower motor circuits; 
these motors start up immediately the trolley touches. 
the overhead wire. 

The heaters in each engineman’s compartment are 
in two separate circuits, each controlled by a separate 
switch, so that a certain amount of heat regulation is 
possible. 
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A voltage regulator, connected in the circuit of the 
shunt field of the main exciter, keeps the voltage at 
the brushes of this exciter at 65 volts. A battery is 
provided of sufficient capacity to keep the lights 
burning in the locomotive for a reasonable length of 
time and to energize the necessary contactors used 
in starting up the motor-generator set. 

In addition to the usual air gauges there are 
various meters situated in full view of the engineman. 
These are the following: two direct-current ammeters, 
one in the traction motor armature circuit and the 
other in the traction motor field circuit; an alternating- 
current voltmeter and alternating-current ammeter, 
indicating the voltage and current of the synchronous 
motor; an equalizing voltmeter, and a speedometer. 
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thus overheating in the event of one fuse blowing, a 


temperature relay in the circuit opens the contactors 
when the windings of the motor reach a predeter- 
mined temperature. 


Air Brakes 
The locomotive is equipped with Westinghouse 


double-end, straight and automatic air-brake equip- 


ment together with air signalling equipment. Because 
of the regenerative feature of the locomotive, the 
brake equipment includes an automatic control 
switch and regenerative interlock. The automatic 
control switch insures that an emergency application 
of the brakes can be made at all times. The regen- 
erative interlock prevents a service application of 
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Fig. 6. Regenerative Braking Test in Which a Steam Locomotive Served as a Substitute 
for a Loaded Train on a Down Grade 


Overload relays and fuses in the main and auxiliary 
alternating-current circuits give protection against 
overloads and short circuits. Air-operated sanders, 
bell ringers and whistles are controlled by valves at 
the engineman’s position. 


Auxiliary Apparatus 

The locomotive equipment includes two 540-volt, 
single-phase, two-stage compressors. Each compressor 
has a capacity of 100 cubic feet of free air per minute. 
The power supplied to the motors is taken from a tap 
off the main transformer and both motors are cooled 
by air taken from the transformer blowers. Con- 
nected to the same tap off the transformer are the 
heaters dnd transformer blower motors. 

Two blowers supply the air for the six traction 
motors. One 720-volt, three-phase, squirrel-cage in- 
duction motor drives both blowers. Power is obtained 
for this motor from the three-phase windings of the 
synchronous motor. In order to prevent the operation 
of the motor as a single-phase induction motor, and 


the brakes on the locomotive during regenerative 
braking but does not prevent an application of the 
brakes on the train. 


Location of Apparatus 

On the Great Northern locomotive an attempt has 
been made to give free access to all the apparatus 
that requires inspection and attention. In addition 
to this, as much as possible of the direct-current 
control apparatus is housed in one enclosed com- 
partment; and the same plan is carried out with 
regard to the alternating-current control apparatus, 
leaving the center of the cab free for the motor- 
generator set, transformer, compressors, etc. 

The direct-current control apparatus compart- 
ment is at the No. 1 end of the locomotive and 
is entered through a door opening into the No. 1 
end engineman’s compartment. In this compart- 
ment are the field-shunting and regenerative- 
balancing resistors enclosed in a heat-insulated 
compartment. Ventilation is provided through two 
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flues which reach to the roof of the locomotive. 
The reversers, series-parallel switch, overload relays 
and all the contactors in the main traction-motor 
circuits are placed above and alongside this resistor 
compartment. 

The traction motor blowers and blower motor are 
placed underneath the Fast coupling. Both blowers 
are set in the main air duct and discharge in opposite 
directions. 

At the No. 2 end of the locomotive is the alternating- 
current control apparatus compartment which is 
entered through a door opening into the No. 2 end 
engineman's compartment. This compartment con- 
tains the contactors in the synchronous-motor circuits 
and the starting-motor circuit, the tap-changing 
resistor, various relays, and main generator and 
regenerative exciter-field resistors. In a small com- 
partment inside this main compartment are the 
electro-magnetic contactors used for the control 
of the main generator- and regenerative-exciter 
voltages. 
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The engineman's compartments are connected by 
two'aisles which run the entire length of the locomotive 
cab. The apparatus not in either of the control 
compartments can be easily reached from one or the 
other of these two aisles. Doors are placed at the ends 
of each aisle to keep the noise of the rotating machinery 
out of the engineman's compartments. 

The mechanical portions of these locomotives were 
built at the Schenectady Works of the American 
Locomotive Company. The steel castings forming the 
truck beds were made by the Commonwealth Steel 
Company. The General Electric Company designed 
the locomotives and manufactured the equipment at 
various plants, the installation of equipment and test 
being made at the plant in Erie (Pa.). At the time of 
writing—August 13, 1927—one locomotive has been 
shipped to Skykomish (Wash.); another is being 
tested, and work is proceeding on two more locomo- 
tives very similar to the two described in this article, 
which have recently been ordered by the Great 
Northern Railway Company. 


Prof. Elihu Thomson Awarded the Faraday Medal 


The Institution of Electrical Engineers, of Great 
Britain, has recently awarded the Faraday Medal to 
Prof. Elihu Thomson, oneof the founders of the General 
Electric Company and Director of its Thomson Re- 
search Laboratory at Lynn, Mass. This is the third of 


England’s highest scientific and engineering honors to 
be bestowed upon Prof. Thomson, and he is the only sci- 
entist in the world who has received all three of these 
awards: the Hughes Medal (in 1916), the Kelvin Gold 
Medal (in 1924), and the Faraday Medal (in 1927). 


Hughes Mecal 


Kelvin Medal 


Faraday Medal 
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Air-blast Transformers for Great Northern 
Locomotives 


Mechanical and Electrical Service Requirements—Unusual Features of Construction Incorporated— 
Compactness, Strength, and Capacity Combined—Provision for Varied Operating Conditions 


By G. L. MOWER 
General Transformer Engineering Dept., Pittsfield Works, General Electric Company 


HE motor-generator type locomotives for the 

Cascade Electrification of the Great Northern 

Railway, described elsewhere in this issue by 
Mr. Walsh, each includes as an essential part of 
its equipment an air-blast transformer of unusual 
design. This unit furnishes the electrical tie between 
the 25-cycle, 11,000-volt, single-phase overhead 
catenary system and the locomotive’s 25-cycle syn- 
chronous motor-generator set which in turn converts 
the output of the transformer from 2300 volts alter- 
nating current to 1500 volts direct current for appli- 
cation to the traction motors. Each of these air-blast 
transformers is rated: 25 cycles, 3285 kv-a., 11,000 
volts 2420/568 volts//150 volts. 


Fig. 1. 
Side as in the Locomotive. The portions of the coils projecting 
beyond the core are rigidly braced by the many adjusting screws 


Exterior View of the Air-blast Transformer Mounted on Its 


The electrical design was complicated by the varied 
operating requirements that had to be met, which 
will be briefly outlined later. The mechanical con- 
struction also was by no means simple because the 
space in the locomotive available for the transformer 
placed sharp restrictions upon its allowable dimen- 
sions. In order to meet this installation requirement, 
the transformer was not set upright in the usual 
manner, but was laid on its side with the long dimen- 
sion perpendicular to the length of the cab. This 
arrangement permitted of a passageway between 
the transformer and the side wall of the locomotive. 
The height of the transformer was limited by the 
roof of the cab. These space restrictions required a 
very compact design. A very low core build and an 


abnormally high coil build were therefore used, re- 
sulting in the coils being approximately square instead 
of the conventional rectangle. 

The standard steel-housed type of air-blast trans- 
former construction was employed but the design was 
modified to permit the unit to be installed on its side, 
as shown in Figs. 1, 2, and 3. The necessary mechani- 
cal strength was obtained, by riveted angle-iron 
braces, arranged on each side of the core. The four 
angle irons adjacent to the core were notched at the 
upper end to serve as lifting lugs. The complete unit 
rests on substantial angle irons which also provide 
means for attaching it to the car frame. 

The portion of the coils enclosed by the core is sup- 
ported against mechanical strains by the core structure 
itself. The part of the coils not enclosed by the core 
is braced against mechanical forces by means of an 
adjustable steel structure, which in turn is rigidly 
secured by the core clamps and steel housing. Special 
care was taken in the design of these units to make all 
parts absolutely tight, in order to withstand the con- 
tinual vibration encountered in railway service. For 
example, special locking devices were used on all 
core bolts. The individual strands of conductor, in 
both the high- and low-voltage windings, are ade- 
quately braced every few inches by use of the so- 
called “wavy” spacing strips and channels. All these 
coil braces, as well as the coil leads, are secured 
against vibration. To protect the windings from the 
absorption of moisture which might enter with the 
cooling air, and also to increase their rigidity, the 
coils received a special varnish treatment and the 
assembled coil stacks were given vacuum varnish 
treatment followed by a varnish dip while hot. 

The transformers were as carefully designed 
thermally as mechanically, 1.e., they were so designed 
that the cooling air effectively and efficiently dissi- 
pates the heat generated by the coils and core. 

The coils, when assembled in the insulating bar- 
riers and supporting channels, have every strand 
of each conductor exposed on one or the other 
side to the cooling air blast. In other words, no 
conductor is blanketed on both sides by insulating 
material, except for very short distances. Then too, 
as the complete windings are entirely inclosed in 
insulating material and separated from the core by 
ample air ducts, the temperatures of the core and 
windings are practically independent of each other. 

The core is cooled by the air blast passing across 
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the inside edges of the laminations and by natural 
radiation from the outside edge. 

When an air-blast transformer is mounted up- 
right in the standard manner, the air enters at the 
bottom and comes out at the top. In these locomo- 
tive transformers the air circulates through the in- 
terior in the same manner, except that instead of 
entering at one end and coming out the other it is 
blown in at the bottom, deflected at an angle of 90 
deg., and after passing through the coils, is again 
deflected to come out the bottom at the other side. 

Earlier in this article mention was made of the fact 
that the varied operating requirements to be met 


Fig. 2. 


High-voltage End of the Transformer 


necessarily complicated the electrical design. An 
outline of these requirements follows: 

(1) With 11,000 volts on the primary, the trans- 
former must deliver 3160 kv-a. continuously. 

(2) With 10,500 volts on the primary, it must de- 
liver the same load (3160 kv-a.) continuously. 

(3) With 9350 volts on the primary, it must de- 

| liver 3160 kv-a. for ten minutes and 3950 
kv-a. for one minute, in either case with the 
windings at their normal temperature when 
the specified load is applied. 

(4) Also, with voltages below 9350, it must oper- 
ate continuously at reduced capacities using 
the full secondary winding. 

(5) With 10,000 volts on the primary, a tap con- 
nection on the secondary must supply 125 
kv-a. at approximately 568 volts (turn ratio) 
for operating auxiliaries, such as blower 
motors, heater circuits, etc. This load is con- 
tinuous, but is reduced in proportion to the 
voltage when it is less than 10,500. 


GENERAL ELECTRIC REVIEW 


Vol. 30, No. 10 


(6) It must supply from a special 150-volt tertiary 
winding the current drawn by the starting motor of 
the locomotive’s motor-generator set. This cur- 
rent amounts to 4000 amp. at the start and tapers 
to 1500 amp. in two minutes, after which the load 
is cut off. The winding has a capacity for five suc- 
cessive starting operations in a 30-min. period, 
then it must be cooled before being operated again. 
There is practically no other load on the trans- 
former when this tertiary winding is in use. Its 
open-circuit voltage is 150 with 11,000 volts im- 
pressed on the primary. Two taps are provided to 
give 120 and 90 volts under the same conditions. 
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Fig. 3. Low-voltage End of the Transformer 


These locomotive air-blast transformers were de- 
signed and tested insaccordance with A.I.E.E. 
Standards. The following operating characteristics 
are of interest: ; 

(1) Volume of air 7,000 cu. ft. per min. at 40 deg. C. 

(2) Air pressure 2 oz. per sq. in. 

(3) Operating Conditions (approximate): 


High Low Power-factor 
Kv-a. Voltage Voltage (Leading) 
3160 11,000 2415 95 
3160 10,500 2305 95 
2820 9,350 2310 95 
3160* 9,350 2100 80 


*Ten minutes load. 


The actual net weight of each transformer is 
26,850 1b. 

The dimensions are 88 in. by 531% in. floor space 
and 78 in. high. 

It can be said in conclusion that since they occupy 
less space and weigh less than oil-immersed trans- 
formers, air-blast transformers are especially adapted 
for service on electric locomotives. 


Quantity Manufacturing and Testing of 
Industrial Control Devices 


Preliminary Considerations for Mass Production—Progressive Assembly System—Steps in the 
Manufacture of Compensators—Testing Temperature Overload Relays 


By G. H. DORGELOH 


Industrial Control Engineering Department, Bloomfield Works 


ANY individual problems 
M are encountered in the 

manufacture of indus- 
trial control equipment due to 
the demand for a great variety 
of devices. Fortunately, however, 
some of the general purpose de- 
vices such as starting compensa- 
tors, magnetic switches and tem- 
perature overload relays can be 
made by mass production meth- 
ods. This article will therefore 
be confined to a description of 


General Electric Company 


The efficiency and reliability 
of a device in service is not only 
a matter of correct design, but of 
well-planned manufacture and 
careful testing as well. The 
methods described in this article 


typify the standard which must 
be adhered to if satisfactory prod- 
ucts are to be obtained. These 
methods are also examples of how 
this standard can be attained in 
mass production.—EDITOR 


models. Furthermore, much atten- 
tion must be given tothe standard- 
ization of common parts such as 
finger tips, magnet frames, springs, 
boxes, etc., in order to utilize them 
in as many types of apparatus as 
is consistent with good engineering 
principles. This is necessary for 
the purpose of minimizing the 
number of set-ups in the factory 
and reducing the variety of stock 
parts to be kept on hand. 

Once manufactured, the various 


the manufacture of quantity pro- 
duction devices. 

Any device must be produced at.as low a cost as is 
compatible with quality and therefore the most eco- 
nomical methods of manufacture must be worked out. 
At the same time careful inspection and testing must 


Fig. 1. Progressive Assembly of Magnetic Switches on Movable Fixtures 


be given in order to guard against failure of the device 
in service. To produce it at a low cost, machining 
operations must be reduced to a minimum, which 
means that punchings and moulded parts are fre- 
quently employed. A considerable expense is thus 
involved in “tooling up” before manufacture begins. 

The design must have been worked out thoroughly 
and well proven by the making and testing of working 


made as a preliminary step. 


unit parts are made up into com- 
plete apparatus by the progressive 
assembly system, sub-assemblies being extensively 
In order to avoid any 
delay in the assembling of parts, 100 per cent 
detailed inspections are given to all vital dimen- 
sions before the material is sent to the 
store rooms. Fig. 1 shows the assem- 
bling of magnetic switches. The individual 
parts and sub-assemblies are brought to 
benches behind the rails, and are assem- 
bled on fixtures which move along the 
rails on rollers. The completed switches 
are then passed along to the high-potential 
and operating tests, after which they are 
given a final inspection before being 
removed from the carrier. All of the smaller 
devices are packed on the manufacturing 
floor as this eliminates unnecessary han- 
dling and prevents the paint or varnish from 
becoming marred. In Fig. 2 a group is 
shown making sub-assemblies of contact 
elements, shunts, magnet frames, etc., for 
magnetic switches. Each individual bench 
is provided with a power-driven screw- 
driver to aid in rapid production. 

Starting compensators, on account of their bulk 
and weight, present a somewhat different assem- 
bly problem. In order to save valuable manufacturing 
floor space, part of the work is done in mezzanine 
galleries, and a conveyor system is used to facilitate 
the flow of material to the different assembly sections. 
Fig. 3 shows the flow of compensator cases from the 
mezzanine storage to the riveting machine, where the 
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Fig. 2. Sub-assembly Section for Magnetic Switches, Showing 
Power-driven Screwdrivers 


Fig. 3. Compensator Boxes Handled by Belt Semon During 
Process of Assembling 
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Fig. 4. Compensator Testing Section Showing Overhead 
Belt Conveyors and Gravity Feed Line 


feet, brackets, etc., are attached. The 
second conveyor receives the cases after 
this operation and carries them to the 
assembly benches on the main floor. From 
the assembly benches the compensators are 
passed along on conveyors to the testing 
section where they are given tests for 
magnetizing current and general operation 
(see Fig. 4). 

After leaving the testing stands, the 
compensators are taken on slat conveyors 
to their final inspection, and are then 
placed on skids ready to be packed for 
shipment. This prasi of their production 
is shown in Fig. 5. The arrangements for 
final inspection are shown in Fig. 6, the 
devices arriving on the slat conveyor from 
test and the covers and oil boxes coming 
down the overhead gravity line from the 
mezzanine floor. 

One of the great problems in the man- 
ufacture of metal devices is the obtaining 
of a good finish. This has been solved by 
the introduction of water japan, which is 
baked on at a very high temperature, 
producing a hard, practically indestructible 
surface. . The use of this japan permits the 
finishing of individual parts before assem- 
bling. All small steel parts such as bolts, 
nuts, brackets, links, etc., are cadmium 
plated to prevent rusting. This electro- 
plating process, though more expensive 
than zinc plating or other finishes, pro- 
duces a very pleasing, non-tarnishing, and 
uniform surface. 

The electric truck is playing a very 
important part in the continuous and 
expeditious flow of material through 
the factory. Fleets of platform and lifting- 
type electric trucks are used for this 
purpose. 

In recent years temperature overload 
relays have become so popular as to 
require extensive testing as well as manu- 
facturing facilities. Fig. 7 shows a testing 
stand on which 120 relays can be tested 
at one time. It may be of interest here to 
give an idea of the comprehensive test 
necessary to assure a properly calibrated 
and reliable relay of the type just men- 
tioned. 

The test man’s first duty is to examine 
each relay paying particular attention to 
workmanship, condition of heater coils, 
and adjustment of the control-circuit 
contacts. 

The second step is to make a high- 
potential test at 2500 volts between the 
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two heater circuits or between the aux- 
iliary contact circuit and either heater 
circuit. 

The third step is the process of 
“annealing” the thermostatic strip. This 
is done by connecting from 20 to 40 
relays in series, the number depending 
upon the voltage drop in the heaters. 
The voltage of the testing generator is 
then regulated until the current flowing 
will quickly bring the heater elements to 
cherry red heat. This operation heats the 
thermostatic strips sufficiently to warp 
them and allows the control-circuit con- 
tacts to spring apart or trip. The power 
circuit is then opened and the relays are 
allowed to cool until the warp of the 
thermal strips decreases sufficiently to 
hold the control-circuit contacts in their 
closed position when these contacts are 
“reset.” This procedure is repeated a 
number of times in order that the rapid 
generation of heat at a high temperature 
during these intervals may anneal the 
thermostatic strips, removing any internal 
strains produced during the shaping of 
the strips, and so allow a reliable uniform 
operation of the relays after they are 
finally adjusted. 

The fourth step consists of measuring 
the resistance of each heater coil by the 
volt-ampere method, to determine if it falls 
within the limits of tolerance. 

The fifth step is the calibration set- e | a 
ting. The room temperature is observed, | po 
then a correction curve is used to ob 
tain the factor by which the normal Fig. 6. Inspection Department with System of Roller Conveyors 
current rating of the relay is to be multi- for Handling Compensatory, 
plied to give the test current. The cir- 
cuit is again closed through the relays 
and the current adjusted to this test 
value, being allowed to flow for one 
hour. At the end of this time the relays 
have reached a constant condition. Each 
relay is then adjusted so that it is ready 
to trip. This is done by shifting the 
movable pointers until the contact blocks 
hesitate between tripping and remaining 
closed. The adjustable pointers are then 
fastened securely and the scale plates 
moved until the 100 per cent marks are 
directly opposite the ends of the pointers. 
The scale plates are then securely fas- 
tened in these positions. Finally, the 
relays are removed from the racks and 
after cooling are carefully packed for 
shipment. Fig. 7. Temperature Overload Relays Connected in Series for Test 
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Industrial Electric Heating 


PART I 
PRINCIPLES OF HEATING 


By N. R. STANSEL 
Industrial Engineering Department, General Electric Company 


EAT is a form of energy. 
H The term “electric heat” 

introduces no new funda- 
mental principle in the use of 
heat. However, electric heating 
apparatus differs in many ways 
from other types of heating equip- 
ment. Hence it is thought that a 
review of the fundamental prin- 
ciples of heating—with electric 
energy as the source of heat— 
will be an aid to a better under- 
standing of the use of electric 
heating apparatus and will help 
to define the part it plays in industrial operations. 


Conversion of Electric Energy to Heat 

Electric energy is converted to heat for industrial 
purposes by either of two methods: 

(A) The resistance method. 

(B) The electric arc method. 

Both of these have distinct fields of economic appli- 
cation, with some overlapping. Broadly speaking, the 
resistance method is applicable to any form of heating; 
its widest application, however, is for temperatures 
below 2000 deg. F. The electric arc method is con- 
fined to the melting of metals, particularly iron, steel, 
brass, bronzes, etc. Arc welding can be included in 
this general field of the electric arc. 

The resistance method includes all applications of 
electric heat where the heat is developed by electric 
current flowing through an ohmic resistance. This 
method is subdivided into two classes: 

(a) The direct resistance class. 

(b) The indirect resistance class. 

In the direct resistance class the current flows 
within the material to be heated. For this class we 
have a further subdivision as follows:. 

(1) Applications where the current is passed 
through the material from terminal to terminal, as 
in Fig. 1. This class is limited to materials which 
are conductors and to uniform cross-sections. The 
main problem in such cases is that of the terminals 
and frequently the provision for heavy currents at 
low voltages. Equipment for this service is made in 
several forms, one of which is shown in Fig. 2. 

(2) Applications where the heating currents are 
induced in the material to be heated. This class is 
designated as induction heating. If in this class the 


Electricity is often spoken of as 
the agent of light, heat, and power. 
The manifold advantages of its ap- 
plication to the production of light 
and power are common knowledge, 


but its advantages in industrial 
heating are not as widely known. 
The serial here begun was prepared 
to supply this need for a detatled 
treatment of the subject of electric 
heating.— EDITOR 


material is magnetic, the molec- 
ular magnetic friction has a part 
in the heating effect. The gen- 
eral diagram of this class is 
shown in Fig. 3. It is only in 
this class of electric heating 
that we are concerned with the 
frequency of the circuit which 
supplies the energy to the heat- 
ing apparatus. The frequency 
classification of induction heat- 
ing is, roughly: low frequency, 
below 25 cycles; standard fre- 
quency, 25, 50, or 60 cycles; 
and high frequency, above 60 cycles, with a mini- 
mum of 480 cycles. At present the tentative fre- 
quency for the larger applications is around 960 
cycles. This frequency is obtained from rotating 
apparatus of the type shown in Fig. 4. For mod- 
erate size installations, say up to 100 kv-a., a 
frequency of approximately 20,000 cycles obtained 
by means of an oscillator is employed. In addi- 
tion to these frequencies, there is a wide use of the 
high frequencies obtained with vacuum tubes for 
induction heating in small units. 
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Diagram of Direct Resistance Class of 
Electric Heating 


Fig. 1. 


The distinctive feature of induction heating is that 
the heat is developed within the material to be heated 
without transfer of heat across space to the material 
and without terminals attached to or in contact with 
the material. This is accomplished by making the 
material the secondary of a transformer as shown in 
Fig. 3. If the material is not a conductor of electricity, 
1t can be heated by the inductive method by using a 
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Fig. 2. Application of Direct Resistance Electric Heating. The Snead electric heating machine 
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Yig. 3. Diagram of an Arrangement of Equipment 
for Melting Metal by Induction Heating 


container or crucible of conducting material. In this 
case, the walls of the container form the secondary 
of the transformer. Aside from the standard uses of 
induction heating there are many miscellaneous 
applications of this type of electric heating in use 
today. Asa rule such miscellaneous equipments are 
made locally; and a standard frequency, usually 60: 
cycles, is used. 

The indirect resistance class of electric heating in-. 
cludes all applications which use a fixed resistance: 
heating unit separate from the material to be heated. 
A typical heating unit for this service is shown in 
Fig. 5. This type of unit—generally referred to asa 
resistor—is mounted within the heating chamber 
and the terminals of the unit brought through the 
walls of the chamber for connection to the energy 


Fig. 4. Frequency Converter Set, 60 to 480 Cycles, Consisting of a 600-kv-a., 1200-r.p.m., 
1874-volt, Single-phase Generator Driven by a 750-kv-a., 2200-volt Synchronous 
Motor. Direct-connected exciter for the two machines rated 20 kw., 125 volts 
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supply circuit. An electric oven of this type is 
shown in Fig. 6. 

The distinctive features of the indirect resistance 
class of heating are: 

(a) Independence of the material to be heated. 

(b) Transfer of heat across space to the surfaces of 
the material to be heated. 

(c) Limitation of the temperature of the resistor to 
that at which its material can operate without injury. 

(d) Ease of temperature control. 


Electric Heating Unit (Resistor) of the 
Indisect Resistance Class 


Fig. 5. 


The use of the electric arc requires the utilization of 
the high temperature of the arc (6330 deg. F., 3500 
deg. C., for carbon electrodes). This feature, while 
making the method of much value for melting, limits 
its field of usefulness in general heating service. 

It will be convenient in this treatment of electric 
heating to adopt some particular class of equipment 
to which references can be made. As neither the elec- 
tric arc nor induction heating extends or limits the 
scope of the fundamental principles involved in heat- 
ing, both can be omitted from further discussion. 
The indirect class of resistance heating, being general 
in application and simple in design, will serve the 
purpose well; hence all references which follow will 
apply to that class of heating. 


Joule’s Law 

An electric current flowing through an ohmic re- 
sistance for a given period of time develops a certain 
quantity of heat as expressed by the equation: 


h=I?XRXt’ (1) 
in which 
| h = watthours. 

I =current in amperes. 
R =resistance in ohms. 
t’=time in hours during which 
the current is flowing. 
The thermal value of the watthour is 3.412 British 
thermal units. Thus: 


B.t.u. 
o am kilowatt-hours 
3.412 


A basic principle of electric heat is the constancy 
of this thermal value; a value which cannot be changed 
by any condition of operation. Hence in dealing with 
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electric heat we start from a fixed point, an advan- 
tage in certainty of operations which has no parallel 
in other sources of heat. 

Equation (1) can be written: 


h=IRXIXt' (la) 


(1b) 


E being the voltage across the terminals of the re- 
sistance. If this voltage E is changed by P per 
cent, the current through the resistance becomes 
1'=(1.00*=P)XI and the heat developed under this 
new condition is 


=EXIXt' 


(Ic) 


Example1: Assume a voltage reduction of 20 per cent 


h’ =(1.00#P)?XI2XRXt" 


h’ =(1.00—0.20)?X I? KX RXt’ 
=0.64xXPPXRXt' 
= 0.64 Xh 


This variation in heating effect with variation in 
applied voltage is shown in Fig. 7. 

The heating effect of a given resistance circuit can be 
changed by changing the applied voltage. In practice, 
either of two methods are used. The first consists of 
maintaining the same overall voltage but splitting 
the resistance circuit into two er more sections and 


Interior of a 45-kw. Electric Oven for Operation 
at 375 Deg. F. 


Fig. 6. 


switching these in series or in parallel. For example, if 
a resistance circuit is divided into two equal sections 
and the two sections are placed in parallel across the 
normal voltage, the voltage applied to each section 
will be double that applied when they are connected 
in series. With a parallel connection, the current 
through each section is doubled and the heating effect 
of the total circuit is four times that with the series 
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connection. In the case of three-phase circuits, the 
Y -delta connection is often used. A change from delta- 
connection to Y -connection reduces the heating effect 
to one-third the value obtained with the former. 
This method of changing the connections of heating 
circuits of electric ovens and furnaces is frequently 
used to obtain a change in heating effect to meet the 
requirements of different classes of materials. 

The second method of changing the applied voltage 
is either by the use of taps on a transformer or by the 
use of an induction regulator in the circuit which sup- 
plies the heating apparatus. 

The time +” during which the current flows in the 
heating circuit within any given period t can be 
varied to suit any needed rate of heat flow. 
This method of controlling the flow of energy into 
electric heating apparatus by control of the time 
during which the current flows within a given period 
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Fig. 7. Variation of Heating Effect with Variation of Voltage 


in Resistance Circuit 


is of general application and 1s the generally accepted 
method of control for the indirect resistance class of 
heating apparatus. 

The law of variation of heating effect with variation 
in applied voltage as shown in Fig. 7 has a direct bear- 
ing on the voltage regulation of the circuits supplying 
electric heating apparatus. While the voltage must be 
maintained in order to maintain normal heating 
effect, we are concerned mainly with the maintenance 
of an average voltage equal to the normal voltage. 
Voltage fluctuations within reasonable limits are not 
of importance for, as a general rule, there is sufficient 
heat storage capacity in the heating equipment to 
equalize the temperature effects of voltage fluctuations. 
In practice it is frequently observed that continuously 
operated electric ovens and furnaces slow down during 
the day, when the plant voltage is somewhat lower 
than during the night hours, due to the day power 
load of the plant. 


Transfer of Heat 

The universal law of heatis temperature equilibrium. 
Heat flows from a higher to a lower temperature and 
there can be no transformation from a lower to a 
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higher temperature. A flow of heat takes place under 
either of two conditions: the variable state or the 
steady state. The variable state is the condition of a 
constantly changing temperature difference as in the 
heating of a body, t.e., raising its temperature. The 
steady state is the condition of heat flow from a con- 
stant temperature to a constant lower temperature. 
The flow of heat through the walls of a heating cham- 
ber to the surrounding air is a steady-state condition. 
In the variable state the rate of heat flow is constantly 
decreasing; in the steady state the rate of heat flow is 
constant. 

These two conditions are the basis of the two main 
problems in industrial electric heating; viz., (a) the 
heating of a charge of material (and often the cooling 
of the charge), and (b) the retention within the heat- 
ing chamber of as much of the energy supplied as 
may be practicable and economical. | 

A flow of heat is either by conduction, by con- 
vection, or by radiation; or most generally by some 
combination of those phenomena. In the heating of 
a mass, the heat flows into the material by conduction. 
In the transfer of heat to the surface of the mass, the 
heat flow is by the joint effect of convection and 
radiation, and to some extent by conduction through 
the surrounding gas. In the heating of a liquid, the 
distribution of heat within the body of the liquid 
appears to be a process of diffusion and convection. 


Heat Absorption 

The steady state of heat flow is always preceded 
by the variable state. In reaching the temperature 
equilibrium necessary for the steady-state condition, 
the material subjected to heat absorbs a certain 
quantity of heat as expressed by the equation: 


WT a Te) H(WX LEW SX (TyTn) 
= 3412 (2) 


h, 


in which 


h, = kilowatt-hours absorbed by the material. 

W = weight of the material in pounds. 

T „= temperature at which the change of state— 
if any—occurs. 

T, = initial temperature of the material. 

T,=final temperature attained by the material. 

L=latent heat of the change of state in B.t.u. 
per pound. 

s’=mean specific heat of the material within the 
range T, to Tm- 

s” =specific heat of the material above temper- 
ature Tm. This value of specific heat is usu- 
ally assumed to be constant. 


If there is no change of state during the heating 
period Equation (2) becomes: 


_WXs'X(Ty—Te) 


ha 3412 


(2a) 
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The effect of the position of the surface upon the 
convection component of the heat flow as determined 
by Langmuir Y is shown in Fig. 11. 

The flow of heat by convection is increased by 
increasing the rate of movement of the surrounding 
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Fig. 11. 


Influence of Position of Surface Upon 
Natural Convection 


(A) Horizontal surface, up (B) Vertical surface 
(C) Horizontal surface, down 
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Fig. 12. Heat Flow by Radiation for Black 


Body Condition 


air, t.e., by forced convection. For this condition the 

multiplying factor to be inserted in Equation (6) is 

V +69 z 

Le (7) 
69 


b= 
in which 
V=Velocity of the air in feet per minute. 


(Transactions American Electrochemical Society, 1913, p. 299. 
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Radiation 

Both heat radiations and light radiations are phe- 
nomena occurring in the ether and differ only in their 
wavelengths. The radiation power of a surface de- 
pends upon the temperature elevation of the surface 
and upon the nature of the surface. Heat radiation 
is affected neither by the position of the surface nor by 
the movement of the surrounding air. Heat radiations 
pass through air, oxygen, hydrogen, and nitrogen 
without absorption by these gases. Some other gases 
such as steam, carbon dioxide, etc., absorb heat radi- 
ations to a marked degree. 

The equation for the flow of heat by radiation is: 


h, =CX1.72X10 2X (Ti-— T?) (8) 


n which 


h,=heat flow by radiation in B.t.u. per square 
foot per hour. 

C=emissivity constant of the surface. 

T,= Absolute temperature of the hot surface. 

T,= Absolute temperature of the surface receiv- 
ing the radiation. 


The member (Ti- Ta) of Equation (8) can be fac- 
tored thus: 


(T3-—T3) =(To—Ta) X(T2 +73 TATI TIGHT) 
=C'X(T,—- Ta) 


The factor C’ in Equation (Sa) is a variable depend- 
ing upon the values of T, and T,. For small differ- 
ences between T, and T, we can take C’=4 T}. 
That is, for small differences of temperatures the 
component of the heat flow by radiation is propor- 
tional to the difference of temperature (7,—T7,). 

When the temperature T, becomes much greater 
than the temperature 7,, the complete equation (S) 
must be used. However, for a large difference of tem- 
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Fig. 13. Rate of Heat Transfer from a Surface 


k'=B.t.u. per sq. ft. per hr. per deg. F. difference in temperature. 
perature the value T} becomes negligible compared 

to the value TŻ, and Equation (S) can be written, 
h,=CX1.72X10°X*T; (Sb) 


Thus the radiation component of the heat flow 
changes gradually from proportionality to the tem- 
perature difference for small differences of temperature 


INDUSTRIAL ELECTRIC HEATING 


to proportionality to the fourth power of the absolute 
temperature of the hot surface at large differences of 
temperatures. 

The standard surface for heat radiation is the 
black-body condition, 1.e., a surface from which 
there is no reflection of heat radiation, the body 
absorbing all of the radiation falling upon it. This 
condition is closely approximated by a sooty surface. 
For the black-body condition the value of the constant 
C in Equation (8) is unity. It 1s customary to assume 
that the black-body condition exists in the heating 
chambers of furnaces where there is re-radiation from 
the walls and roof. For other surface conditions the 
value of the emissivity constant is less than unity and 
varies widely, reaching very low values for polished 
metal surfaces. The value.of the emissivity constant 
of a given surface is but slightly affected by the tem- 
perature of the surface. Values of this constant as 
given by Langmuir are listed in Table IT. 

Fig. 12 shows the flow of heat by radiation from a 
hot surface to the surrounding air for the black-body 
condition. 

The transfers of heat by convection and by radia- 
tion must be considered jointly. The rate of total heat 
transfer from or to a surface we shall designate as 
k’=B.t.u. per square foot per hour per degree F. difference 
in temperature. For the example of the flow of heat 
through a wall, the quantity of heat transferred within 
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Fig. 14. Heat Transfer from a Surface up to 120 deg. F. 


a given time under given conditions of temperatures 
T. and T, will be determined by both the values k 
and k’ (the coefficient of thermal conductivity of the 
material of the wall and the surface thermal coefficient 
respectively). As we must have Equation (5) = Equa- 
tion (6) + Equation (8) the value of T, in those three 
equations is fixed by this equality. 
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Summarizing the factors which affect convection 
and radiation under Equations (6), (7), and (8), we 
may say the value of the surface coefficient k’ is 
affected by: 

(a) The velocity of the movement of the air over 
or past the surface. Equation (7). 

(b) The position of the surface. 

(c) The nature of the surface. 

(d) The temperature of the surface. 
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Fig. 15. Heat Transfer from a Surface 
Up to 600 deg. F. 


In Fig. 13 are given the values of k’ over a range of 
hot-surface temperatures as determined by Griffiths 
and Jakeman.‘) These data are for a bare iron sur- 
face in still air and correspond to average conditions 


TABLE Il 


Surface Value of C in Equation (8) 


Copper oxidized 
Cast iron, oxidized 
Aluminum paint 
Monel metal 

Gold enamel 

Cast iron bright 
Silver 
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of heat transfer between surfaces and air. The curves 
in Figs. 14 and 15 give these data in a somewhat more 
convenient form. 

The total thermal resistance in the sue of heat 
flow is the sum of the thermal resistances of the cir- 
cuit. This is a parallel case to that of electric circuits. 
Thus, in case of the flow of heat through a wall— 
assuming that the temperature of the surface, 7,. 


(?)Engineering—London, Jan. 7, 1927. 
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is known—the thermal resistances can be represented 
as in Fig. 16. 

Case I. For a particular example we will assume 
that the wall is of cast iron, 14 in. thick, with T,= 
250 deg. F, and 7,=70 deg. F. From Table I the 
average value of k for cast iron is 319. From Fig. 13 
the value of k'=2.3. Then the flow of heat in B.t.u. 


Te 


(B) 


(B) 


Fig.17. Thermal Resistance of an Insulated Wall. (Contact 
resistance at junction of wall and insulation neglected) 
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Fig. 18. Heat Transfer Curves for Constant Temperature of 
1340 deg. F. in Heating Chamber with Charge at Initial 
Temperature of 40 deg. F. 


per square foot per hour per degree difference of 
temperature will be: 


1 1 
o 
0:25, 17025, 1 
k k’ 319 2.5 
= 2.49 
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Case II. If now we increase the resistance of the 
surface to the flow of heat by radiation, for example 


by painting the surface, to such an extent that the 


value of k’ is reduced one-half we have: 


h= a : 
0.25 1 
319 1 1.25 
= 195 


Case III. For this example assume that we have 
added 6 in. of a heat insulation with a value k,, = 1.0 
to the wall with its original outer surface as repre- 
sented by Fig. 17. Now the flow of heat in B.t.u. per 
square foot per hour per degree difference of temper- 
ature is: 


1 ] 
eee 
6025, 1 
1 319 


Case IV. As in Case II, we now change the outer 
surface resistance of the wall to twice its initial value 
and we have: 


IV | ] 
pS ae 
© 0.25 1 
1 819 1.25 
=0.147 


Comparing Case I with Case II we note the marked 
effect that is produced by changing the surface 
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Fig. 19. Heat Transfer Curves for Constant Temperature of 
940 deg. F. in Heating Chamber with Charge at Initial 
Temperature of 40 deg. F. 


In Cases III and IV the same 
change affects but little the flow of heat. That is, 
we have a problem of resistances in series; and 
the effect produced by a change in one of these 
resistances depends entirely upon the magnitude of 
the resistance with respect to the total resistance of 
the circuit. 


thermal resistance. 
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Cases I and II correspond to the painting of the 800 
outer surfaces of radiators for house heating. Tests 
on finishes for radiators have given the data in 
Table ITI. 


650 
Cases III and IV correspond to the finish of 
the outer surfaces of insulated walls of ovens and si 
furnaces. The higher the degree of insulation of 2 550 
I 
e 500 
TABLE Ill à 
eee —_ p450 
Values of Surface Finishes as Heat 3 
Surface Dissipators Compared with u 400 
P.ain Cast Iron as 1.0 P 
6 350 
po] 
Enamel, terra cotta 1.03 505 
Enamel, white 1.01 5 
Cast iron | 1.00 H 250 
Paint, terra cotta 1.00 «0 
Enamel, green glossy 0.99 200 
Paint, light green 0.99 
Paint, white 0.98 ie 
Varnish, brown 0.97 
Enamel, green flat 0.96 199 
Enamel, gray 0.96 50 
Copper, bronze 0.76 
Aluminum, bronze 0.72 0 
500 600 700 800 900 
e Temperature Deg. F. Absolute 
40 140 240 340 440 


Temperature Deg. F. 


the walls the less will be the effect of the value of 
k’ upon the flow of heat through the wall for 


Fig. 21. Heat Transfer Curves for Constant Temperature of 
340 deg. F. in Heating Chamber with Charge at Initial 


given temperature conditions. The effect of veloc- 
ity of air movement across or by the outer surface 
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Fig. 20. Heat Transfer Curves for Constant Temperature of 
540 deg. F. in Heating Chamber with Charge at Initial 
Temperature of 40 deg. F. 


of the wall upon this heat flow will also be corre- 
spondingly less. 


Relative Values of Convection and Radiation 

The relative values of convection and radiation 
in a heating chamber can be illustrated by the example 
of the heating of a body from a given temperature T, 


Temperature of 40 deg. F. 
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Fig. 22. Ratio of Convection Component of Heat Flow to 
Total Heat Flow in Heating a Body from 40 deg. F. 


to Various Values of T, 


to a temperature 7;. The assumptions in this case 
are as follows: 


(a) The temperature of the heating chamber is 
held constant at a value of T}. 


(b) The part of the heat transfer by convection 
is by natural means. 
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(c) The conduction of heat across the space 
between the source of heat and the surfaces 
of the body is neglected. 

(d) The body has an initial temperature of 40 
deg. F. for each value of 7; chosen. 

(e) A value 0.29 for the constant C in the con- 
vection equation (6). 

(f) A value 0.72 for the constant C in the radia- 
tion equation (8). 


Fig. 23. 
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29 per cent of the total heat flow is by convection and 
71 per cent by radiation. At the much-used furnace 
temperature of 1500 deg. F., only 7 per cent of the 
heat transfer is by convection. 

An interesting application of the principles of heat 
transfer by convection and radiation is the steam 
superheater arrangement shown in Fig. 23. In this 
design of boiler plant two superheaters are connected 
in series. The upper or convection superheater 
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Combination of Convection and Radiant Superheaters in a Steam Boiler Installation 


(Courtesy of Power Specialty Co.) 


Under these assumptions, and using Equations (6) 
and (8), we obtain the curves of Fig. 18 (for T;= 1340 
deg. F.), Fig. 19 (for T,=940 deg. F), Fig. 20 (for 
T,=540 deg. F.), and Fig. 21 (for 7;,=340 deg. F.) 
In each case the ordinates of the curve show the de- 
creasing rates of total heat transfer, of the transfer 
by radiation, and of the transfer by convection, as 
the temperature of the body approaches the temper- 
ature of the heating chamber. 

In Fig. 22 is plotted the ratio of the convection 
component of the heat flow to the total heat flow for 
various final temperatures of the body. For example, 
in raising the temperature of the body to 440 deg. F., 


receives heat from the hot gases passing over its sur- 
faces, while the lower or radiant superheater receives 
heat largely by radiation from the flames of the burning 
fuel. As the steam output of the boiler is increased, 
the greater volume of hot gases increases the super- 
heating effect in the upper superheater. The flame 
temperature, however, remains constant and with 
the increased volume of steam the superheating 
effect in the lower superheater is decreased. Hence 
the combined effect of the two superheaters in 
series gives more even outgoing steam temperature 
than would be obtained with either of the super- 
heaters alone. 


(To be continued) 


Digitized by \aO 


499 


Some Interesting Factors in Fuse Design 


Materials and Thermal Characteristics—Size and Form of Fuse Links—Nature and Use of Fillers— 
Functioning of the Fuse— Indicators 


By G. R. BROWN 
Wiring Supplies Division, Engineering Dept., Bridgeport Works, General Electric Company 


interrupting device for the protection of 

circuits and connected apparatus resulted in 
the development of the fuse as we know it today. 
lts primal form consisted of a short length of 
copper wire of smaller cross-section than the con- 
ductor used in the circuit. When made of this mate- 
rial, however, it failed to give the desired protection 
because it permitted excessive heating in the remain- 
der of the circuit before fusion occurred. This led, 
naturally, to the use of materials of lower melting 
points than copper; lead and lead alloy elements of 
larger cross-section being substituted for the copper 
wire of small diameter. The evolution of the modern 
fuse has demanded consideration of many factors, 
and much experimentation has been necessary to 
produce a device so simple and so effective as the one 
now employed in the protection of low-voltage 
circuits. 

As is well known, the principle involved in all fuses 
is that a short length of metal may be raised to its 
melting point if a sufficiently high current is made to 
pass through it. Under ordinary conditions, it may 
be said that for a given cross-section and length of this 
metal there will be a definite temperature rise for a 
certain current strength. In practice, however, the 
temperature rise in a fuse does not bear that definite 
relationship to the current that might at first be ex- 
pected, for the reason that it 1s very greatly affected 
by certain variable conditions. The principal of these 
are: the ability of the fuse to throw off the heat, which, 
so far as the fuse link or wire itself is concerned, is 
largely governed by its superficial dimensions; the 
position of the fuse links; the condition of the sur- 
rounding atmosphere, as to whether it is in motion 
or quiet, which is a still more uncertain factor than 
either of those before mentioned; and whether the 
fuse link itself is in contact with any body whose 
ability to absorb the heat developed is greater than 
that of air. It will be seen that a condition may exist 
wherein the rate of radiation or loss of heat by the 
fuse equals the rate at which the heat is developed. 
There will then exist a state of equilibrium and, 
should the temperature be just below that at which 
the metal softens, the fuse will be carrying its maxi- 
mum current. 

If the current should now be increased slightly, the 
rate of development of the heat becomes more rapid 
than the rate of dissipation, with the result that the 


Ti earliest attempts to provide an automatic 


temperature increases gradually; and in time the 
melting point will be reached. This increase in the 
current value will constitute an overload since it is 
in excess of the maximum current that the fuse will 
carry. With a further increase in current the balance 
is further disturbed, the rate of radiation remaining 
practically the same while the rate of development 
of heat is more rapid than before, with the result that 
the time required to bring the mass to the melting 
point is considerably less; or, in other words, the time 
factor for any given overload becomes rapidly less as 
the current increases, the time factor being the time 
required to bring the fuse to its melting point from 
the moment of the increase of current above the 
normal current-carrying capacity of the fuse. The 
two most important of the variable factors which 
affect the rate of radiation of the fuse are probably 
the exposure to draft and contact with adjacent 
bodies. In a draft the heat is more rapidly taken up 
by the passing air than if it were quiet, while by con- 
tact with a body of such material as porcelain or metal, 
whose rate of absorption of heat is greater than that 
of air, an equilibrium may be established and main- 
tained until the body becomes heated. Under such 
conditions it will be found that a fuse will require a 
much longer time to reach the melting point. 

Another feature of uncertainty, of much the same 
nature, is the effect of the fuse terminals in estab- 
lishing this time factor. If the fuse metal is connected 
to very massive terminals with large thermal capacity, 
the time factor will be materially increased. If, how- 
ever, the terminals are small and light so that they 
possess but comparatively small heat-conducting 
ability, they can have little effect in changing it. 
To correct these defects, then, it becomes necessary 
to fix all the otherwise variable factors in order to 
secure a device the melting point of which for any 
given overload is practically constant. 

It has been found, however, that in fuses above 
certain sizes, particularly those adapted to carrying 
heavy currents, trouble is frequently incurred when 
the fuses are subjected to a severe overcharge of cur- 
rent. This is due to the fact that the volume of metal 
volatilized by the action of the current and requiring 
dissipation is so great that there is likely to be a 
severe explosion when the sudden expansion of the 
comparatively large volume of metallic vapor occurs. 
Several ways have been tried in seeking to overcome 
this difficulty, among them being the use of an alloy 
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of high conductivity, by which means the cross- 
section of the link would be materially reduced; but 
it has been found that all alloys of high conductivity, 
such as alloys of tin, copper, and the like, whatever the 
bulk of the metal, vaporize with what may be called 
explosive action. On the other hand, metals of less 
conductivity, such as lead, cadmium or bismuth 
form eutectic alloys which, within certain limits as 
to bulk, can be transformed from metal to vapor 
almost instantly, and without undue disturbance; 
but in fuses of large capacity a single fuse link of lead 
or lead alloy must necessarily be of large cross-sec- 
tional area and of considerable bulk, and is therefore 
apt to vaporize with an explosive action for the 
reasons mentioned. 

Fuse metals of high conductivity, too, have a com- 
paratively high melting point; and if the circuit be- 
comes loaded to the full capacity of the fuse, the 
enclosing case must either dissipate this high tem- 
perature or become excessively hot. So the middle 
ground is taken as conforming to the best practice, 
and zinc or zinc alloys are used almost universally for 
the fusible element in enclosed fuses. Even with pure 
zinc, the pressures exerted inside the fibre casings, 
under short-circuit conditions, sometimes measure 
as high as 250 lb. per sq. in. Screened vents permit 
the escape of this gas without the emission of flame. 

There are many grades of commercial zinc and as 
many differing results dependent upon their use in 
enclosed fuses. The melting away of the pure zinc 
from a fuse strip may leave a network or bridge of 
impurities having a still higher melting point and 
capable of carrying current of considerable volume. 
Therefore, pure zinc, or zinc alloyed with lead and 
cadmium only, gives a more dependable performance. 
The element must also be annealed, after rolling, to 
remove strain hardness. Fuse strips or links of dead- 
soft zinc will withstand the greatest amount of alter- 
nate heating and cooling, expanding and contracting, 
with the least signs of distress due to crystallization. 
The failure of a fuse while carrying less than its 
rated load may often be attributed to hard fuse metal. 

It is found in practice that the link oxidizes when 
the current slowly increases beyond the maximum 
carrying capacity of the fuse; and if a critical tem- 
perature just below its melting point be maintained for 
any considerable time, a coating or skin of oxide may 
become thick enough to support the metal within it, 
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even when the latter has become melted. Thus when 
a filling of too finely divided arc-suppressing material 
lies against this oxide-coated link it serves to sup- 
port the skin and prevent the rupture which should 
otherwise occur. In order to obviate this serious diffi- 
culty, it 1s necessary that correctly proportioned filler 
be used, providing sufficient spaces between the 
particles or lumps to allow the oxide film to break. 

Filler is a non-conducting material, chemically 
inert, preferably in small pellet form (such as slaked 
lime or plaster of paris) providing a multitude of 
minute paths or interstices for the escape of the vapor 
or gas evolved upon the blowing of the fuse links by 
an excessive current. Another important function 
of the filling material is to dissipate the heat from 
the surface of the link by conduction. If the water 
content of the filler is too great, the effect is to in- 
crease the rate of conduction and also the carrying 
capacity of the fuse. Conversely, if there is insufh- 
cient moisture, the small lumps of filler become soft 
and are easily reduced to powder. 

To detect the cessation of usefulness of the fuse 
in a convenient manner, indicators of many types 
have been developed. One of the most successful 
types consists of a high-resistance wire connected in 
parallel with the fuse element, and having a small 
portion of its length brought outside the casing at a 
point covered by the label. A groove made in the 
fibre tube provides protection from mechanical 
injury and permits the application of the indicator 
paste or compound over the wire without interfering 
with smooth labelling. Current of normal strength 
passes through the fuse without affecting the indi- 
cator wire, the larger portion of the current being of 
course carried by the fuse link, because of the high 
resistance of the small wire. Upon the disruption of 
the fuse link, the voltage across the fuse terminals is 
raised and sufficient current passes through the indi- 
cator wire to melt it and to fire the indicator com- 
pound. This causes a blackened or charred spot to 
appear on the label showing clearly that the fuse has 
blown. 

Considered even so briefly, the matter of fuse 
design will be seen to embody far more labor and 
ingenuity than the extreme simplicity of the device 
might seem to demand; but, in another sense, the 
care and cost of the development are abundantly 
recompensed. | 
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Vacuum Tubes as Oscillation Generators 
PART ll 


CHARACTERISTICS OF VACUUM TUBES—VACUUM TUBES AS 
DRIVERS OF HIGH-FREQUENCY CIRCUITS 


By D. C. PRINCE and F. B. VOGDES 
Research Laboratory, General Electric Company 


tubes are quite elaborate in their nature and 

play so large a part in the operation of the tubes 
in the more efficient circuits, it is necessary to under- 
stand what they are before much can be said about 
the circuits in which they are to operate. These 
characteristics of the tubes are dependent on a 
group of effects consisting in the phenomena of 
emission, space charge, grid control, and secondary 
emission. An understanding of the separate phenom- 
ena makes possible the grasp of their combined 
effect as shown in the characteristics of the tube. 


S iste the inherent characteristics of vacuum 


Emission 

When the filament of a tube is heated, the free 
electrons inside the metal move about with a velocity 
which increases with the temperature and some of 
them force their way through the surface against the 
retarding forces residing there and thus leave the fila- 
ment. The passage of the emitted electrons to the 
anode, or plate of the tube, represents the current flow- 
ing through the tube. As the electrons are negatively 
charged, the current apparently passes from the plate 
to the filament inside the tube. This current cannot 
exceed that value given by the product of the rate at 
which electrons leave the filament and the charge per 
electron. The charge per electron is constant, but the 
number of electrons emitted by a filament increases 
with temperature and depends on the nature of its 
surface. Thus the emission of tungsten is greatly 
reduced by the presence of adsorbed molecules of 
certain gases in its surface, while it is greatly in- 
creased by the presence of thorium and some other 
metals. Dr. Langmuir has explained this through 
study of the effect of different molecular surface 
arrangements on the forces tending to retain the 
electrons in the filament.“) In practice, filaments 
are made of pure tungsten, tungsten containing 
thorium, and wires coated with materials giving high 
emission. High-power tubes usually operate at high 
voltages and moderate currents, and pure tungsten 
filaments are often used in them because of their 
greater ruggedness and ability to withstand accidental 
overloads on the tube. 

The emission depends on the temperature of the 
filament according to a law given by O. W. Richardson 


i = AT e™*™T 


(0) Fundamenta! Phenomena in Electron Tubes Having Tungsten 
Cathodes,” by Irving Langmuir, GENERAL ELECTRIC REVIEW, June and 
July, 1920, pp. 503 and 589. 


where T is the absolute temperature and A and b are 
constants depending on the filament material and 
surface. The curves in Fig. 5 show the performance 
of tungsten filaments graphically. Fig. 6% shows the 
relation between the emission of thoriated tungsten 
and pure tungsten filaments. If the current passing 
through the tube is not as large as the emission 
current, the difference is made up by the return of 
electrons to the filament. The current through the 
tube, however, cannot be larger than the emission 
current. 

The ideal values obtained from Fig. 5 practically 
never correspond to those obtained in practice. 
The reasons for this are of two kinds. First, the 
temperature of the filament is affected by the filament 
supports and by radiation from the other electrodes. 
Also, due to the emission current, the heating current 
of the filament is not the same throughout its length. 
Secondly, the filament may be so constructed that 
parts of it are shielded from the electric field which 
removes the electrons after they have been emitted. 

Leads and supports cool a filament by conducting 
heat away from it. The corresponding reduction in 
emission may be allowed for by considering that the 
effective length is decreased. An electrode enclosing a 
filament may be so arranged as to reflect its radiated 
heat back upon it, or radiation from the electrode 
due to its own temperature may heat the filament. 
In either case an increase in emission will result. 

If the flament heating current is alternating, and of 
a different frequency from that of the circuit in which 
the tube is being used, the current in the ends of the 
filament will be increased symmetrically by the emis- 
sion current. This will usually offset the cooling due to 
the leads. If the filament heating, however, is by 
direct current, or if the heating current is synchro- 
nized with the emission current, one end of the fila- 
ment is heated unduly and the total emission is 
considerably increased. 

The longest filament life is obtained when the heat- 
ing is most uniform over the entire length. To obtain. 
this condition requires either asynchronous heating, 
or heating and emission currents in quadrature. 

Electrostatic shielding of remote parts of the 
filament surface by sections nearer the anode occurs 
~ (2) For original data see ‘The Characteristics of Tungsten Filaments as 
Functions of Temperature." by Irving Langmuir, GENERAL ELECTRIC 
Review, March, 1916, p. 208. 
ironi Tanen Ahead Tukea. Molder um and Tona By 


Saul Dushman and Jessie W. Ewald, GENERAL ELECTRIC REVIEW, March, 
1923, p. 154. 
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to a noticeable degree in closely-wound helical fila- 
ments. A less marked effect occurs with V- and 
W-shaped filaments. The potential differences due 
to the heating current also cause additional shield- 
ing of positive portions of the latter types of fila- 
ments by the adjacent negative sections. Although, 
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Fig. 5. Heating Energy for 10-mil Tungsten Filaments ` 


For filaments of diameter d, holding temperature constant: 
Emissiony = Emissions X 4 Watts, =Wattswx 4 


Fil. amp., = Fil. amp.1o X (5) Life, = Lifes X < 


Fil. voltsy = Fil. voltsio X (5) -i 


theoretically, these shielding effects should appear 
as changes in space charge rather than in emis- 
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Fig. 6. Relative Emission of Thoriated Tungsten and 
Pure Tungsten Filaments 


electrons emitted become too high for observation 
by the usual means. A typical example of the dis- 
crepancy between theoretical (straight filament) and 
observed emission for a V-filament is shown in Fig. 7. 
It will be noted that the observed values of emission 
are much closer to the theoretical for large filament 
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currents than for the smaller values of this current. 
One possible explanation is that, at higher tempera- 
tures, more electrons are enabled by virtue of their 
correspondingly higher emission velocities to pass out 
of the shielded regions. 


Space Charge 

Electrons leave the filament with only a small 
velocity. To enable large currents to flow, it is 
necessary to accelerate the electron motion by apply- 
ing a voltage between the plate and filament of the 
tube. This produces an electric field between these 
parts of the tube and gives rise to a force acting on 
the electrons. When the electrons strike the anode, 
their kinetic energy is lost in heating the latter. The 
work done on each electron is the product of its 
charge and the voltage impressed upon the region 
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through which it has passed. This appears first as 
kinetic energy and later (after impact) as heat. Hence, 
the plate of a tube must be able to dissipate power 
equal to the product of current and voltage drop. 

Dr. Langmuir has shown“) how the voltage drop 
can be calculated if the current and tube dimen- 
sions are known. It is assumed, of course, that the 
emission is sufficient for the purpose. Fig. 8 shows 
a diagram of the behavior of a tube consisting of 
a plane cathode (filament) and anode (plate) of large 
extent. The cathode may be assumed to be at zero 
potential, while the anode is positive with respect to 
it. Between the cathode and the anode are the elec- 
trons, moving toward the latter. The lines connecting 
the electrons with the anode represent the electric 
field. As they proceed toward the anode, the electrons 
move faster and faster, their velocity being dependent 
upon the voltage of the point reached in the field; 
but as the current must be constant throughout the 
space, they separate themselves from each other. The 
voltage gradient or electric field intensity varies with 
position in the region between the anode and cathode, 


(1)'The Effect of Space Charge and Residual Gases on Thermionic 
Currents in High Vacuum," Physical Review, Dec., 1913, p. 450. 
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and the rate at which it varies is proportional to the 
electron density. In Fig. 8, the charge on the anode is 
shown as being equal to the charge on the electrons, 
thus leaving no charge on the cathode. This can 
readily be shown to be the case. If an additional 
charge were placed on the'anode, there would be a 
potential gradient at the cathode ready to remove 
more electrons which are available as soon as there 
is some place for them to go, for the emission 
has been assumed to be higher than the current 
passing through the tube. Under these circumstances, 
more electrons would be drawn into the space until 
the electric field at the cathode surface fell to zero. 
That it cannot revefse and be negative is readily 
apparent, for then the electrons would have to advance 
against a retarding field, an action for which their 
emission velocity is far from sufficient. Dr. Langmuir 
has expressed these relations mathematically and 
solved the resulting equations, finding for the space- 
charge relation for parallel planes 


y? 
1=2.33x10— 
x 


where 2 is the current density in amperes per square 
centimeter, x is the distance between the ‘planes in 
centimeters, and V is the potential difference in volts. 
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Fig. 8. Graphical Representation of a Space-charge Field 


He has also solved the case of a filament passing 
down the axis of a cylindrical anode and finds 
y? 
t= 14.65 X 10-*— 
$ 


where z is the current per centimeter and r is the radius 
of the anode. This result is shown diagrammatically 
in Fig. 9. 
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Grid Action of Pliotrons 

Tubes containing only a filament and plate (cathode 
and anode) are very useful as rectifiers, for they 
conduct current in only one direction. When the 
plate is positive with respect to the filament, electrons 
will pass from the filament to the plate; but, if the 
voltage be applied in the opposite direction, the 
electrons will be held back in the filament and none 
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Fig. 9. Space Charge for a Cylindrical Anode with a 
Filament Along Its Axis 


are emitted by the plate, so no current will flow in this 
case. The great usefulness of vacuum tubes, however, 
is in their action as electric valves which can be con- 
trolled at will. This is accomplished by inserting a 
third electrode or grid between the filament and 
plate. If the filament be held at zero potential 
while the plate is positive and the grid negative, there 
will be found some ratio of these voltages which 
results in zero charge being induced on the filament. 
This is the boundary point between current flow and 
no current; for, if the plate be made more positive 
or the grid less negative, an electric field will appear 
at the filament surface and cause a passage of elec- 
trons through the tube, while, if the grid be made more 
negative or the plate less positive, no current can flow. 

Fig. 10 shows the electric field between the grid 
and anode at the point of cut-off. The charge on the 
grid is equal to that on the anode, and there is no 
charge on the filament. All points at an appreciable 
distance from the side of the grid opposite the anode 
are at substantially the same potential, hence, the 
grid-filament spacing does not enter into this part of 
the tube characteristics. The ratio between the plate 
and grid potentials (with respect to the filament) at 
the point of cut-off is usually termed the amplification 
constant of the tube and designated by p. 

The amplification constant, as calculated from 
electrostatic considerations, is given by the formula 


2rns 


aros 
Be 2rnr 


where n is the number of grid wires per centimeter, 
r is their radius, and s is the distance between grid 
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and plate. This formula holds only for tubes with 
plane, parallel elements in which the diameter of the 
grid wires is small compared with their spacing. More 
comprehensive formulas are known, but the supports 
for the grid wires are usually large enough to make 
considerable correction necessary, hence, their applica- 
tion often requires some special study. 


Secondary Emission 

If an electron hits an object, it may, under certain 
conditions, knock electrons out of the material which 
is struck. This phenomenon is known as secondary 
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emission and 1s quite bothersome at times because it is 
difficult to control. Tubes which apparently are alike 
in other respects may vary widely in this regard; and 
great care must be taken in manufacturing tubes to 
see that the design is such that variations which may 
occur in secondary emission will not seriously influence 
the operation of the tubes. Electrons moving with 
velocities acquired by falling through fields of only 
five or ten volts may hit objects with an impact 
sufficient to cause secondary emission, hence the 
phenomenon will be met frequently. 


Characteristics of Actual Tubes 


The characteristics of an actual tube follow the 
theoretical results very closely as long as the under- 
lying assumptions of the theory are satisfied. Fig. 11 
shows the space charge characteristic of a moderate- 
sized two-element rectifier tube or kenotron. The ac- 
tual filament length was 5.5 in., in a V form with two 
leads and one additional support. The curve, which 
was obtained by test, checks the theoretical case if 
the effective length of the filament is taken as 2.375 in. 
for each leg of the V and the space charge is figured 
for a tube having a filament of this length. 

Fig. 12 shows a somewhat similar curve for a three- 
element tube or pliotron of the same size. Both grid 
and plate have a voltage applied to them. When no 
current is flowing through the tube, the plate will be 


| so TO l 
— times as effective as the grid in producing an 


electric field at the filament. As soon as electrons 
begin to pass through the tube, the necessity of the 
exactness of this ratio no longer exists; but it is still 
found to be a very helpful approximation in consider- 
ing the tube’s performance. Hence, the space charge 
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curve has been calculated as though a voltage equal to 
; La 
the grid voltage plus A times the plate voltage were 


applied to an electrode of a diameter equal to 
the diameter of the grid. As the electrons arrive in 
the grid vicinity, some will be collected by the grid 
wires and some will succeed in passing through to the 
plate. The sum of the two currents, therefore, should 
be used in calculating the space charge. This is done in 
Fig. 12, and it will be observed that the values thus 
obtained fall on the theoretical curve. 

A set of characteristic curves of a more general 
nature is shown in Fig. 13. For low currents and 
voltages the three-halves-power law of space charge 
variation given by Dr. Langmuir’s formulas is fol- 
lowed with a fair degree of accuracy, and the regu- 
lar spacing of the curves shows the effect of the 
amplification constant. At about five amperes, the 
current begins to be emission-limited. The limitation 
is not abrupt, however, so as to give a horizontal 
section of curve; it is gradual, showing shielding 
of portions of the filament surface. 

For a grid potential considerably lower than the 
plate potential, the ratio of the grid current to the 
plate current is of the order of the ratio of their 
projected areas. The grid current, however, is some- 
what less than that which would be expected on this 
basis due to the fact that it emits secondary electrons 
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Space-charge Characteristic of a Moderate-sized Kenotron 


18-mil filament 5.5 in. long. Plate 1.5 in. diameter by 


which are collected by the plate. This can occur 
because the plate has a higher potential than the grid. 
After the grid has reached the plate potential, the 
latter element suffers from loss of secondary electrons 
which are then collected by the grid. This gives a 
sharp drop to the plate current and an equally sharp 
rise to the grid current, and is a phenomenon of the 
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greatest importance in estimating the best possible 
operating conditions of a tube. 

It will be noticed that the grid collects no current 
while it is negative, even though the plate be enough 
positive to cause the electrons to flow through the 
grid. Any electron which might start in the direction 
of a grid wire would be decelerated until it stopped, 
for, without an initial velocity or collisions to acceler- 
ate it, no electron can pass from one region to another 
which is negative with respect to the first; and the 
emission velocities are capable of causing movement 
against only very small potentials, most of the elec- 
trons being emitted with velocities corresponding to 
potentials of less than one volt. 

Secondary electrons moving from the grid to the 
plate represent a gain in efficiency. In fact, the grid 
may be made a source of power if the secondary 
electrons are greater in number than the primary. 
In this case, the electrode current is opposed to the 
voltage; or the grid may be considered a generator. 
Such a condition is interesting and may be used for 
some purposes; but is not stable in the high-power 
circuits most convenient for use, and, for this reason, 
the grid of a tube should always draw some current 
from the circuit, the resulting loss being charged 
against the stability thus obtained. 


VACUUM TUBES AS DRIVERS OF HIGH- 
FREQUENCY CIRCUITS 
It has been shown how a valve device properly 
arranged can be used to supply power from a con- 
stant-potential source to an oscillating circuit by 
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Fig. 12. 

(V-shaped, 18-mil filament 5.5 in. long. Plate 1.5 in. diameter by 3 in. 
e P 0.75 in. diameter, with 30 turns of 10 mil wire per inch. 
causing the power source and oscillating circuit to be 
connected together only at the time the voltages of 
the two are equal. No device answering perfectly the 
requirements of theory is available for this purpose; 
but three-element thermionic tubes or pliotrons give 
very satisfactory results when their limitations are 


505 


understood and provided for. The characteristics of 
pliotrons have already been discussed; the next step 
is to show how they may be used in practice. 
Practical problems usually arise in such a way that 
definite voltages, currents, and power are required; 
but it will be found impossible to tell directly what 
should be done with a pliotron to produce these 
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Fig. 13. Characteristics of a High-power Pliotron 
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results. The answer to the practical questions is 
obtained by first calculating all the desirable operating 
conditions for a tube, and then picking from curves 
plotted from the results of the calculations the condi- 
tions required for any particular application. This 
appears a rather formidable task, but several factors 
operate to make it easy. Comparatively few types of 
tubes are used in practice, and a good set of calcula- 
tions on one tube will cover a multitude of applica- 
tions. Moreover, for reasons of economy, a tube is 
always operated somewhere nearthe maximum voltage 
and current of which it is capable. Many sets of con- 
ditions are seen upon inspection to be undesirable. Of 
the desirable ones, it is easy to pick out those which 
will give substantially the best possible operation; for 
small changes in the operating conditions cause 
surprisingly small loss in efficiency. Many workers 
get excellent tube performance by merely arranging 
a circuit of material at hand and making adjustments 
by a little experimenting. This works very well for 
the smaller circuits; but it is an expensive procedure 
with high-powered sets, because extra condenser 
capacity costs heavily, and taps and end turns on 
inductance coils are apt to be quite a detriment to the 
apparatus. 


Assumption of Operating Conditions 

In picking sets of assumed operating conditions, 
the nature of the assumptions to be made is deter- 
mined by the character of oscillating circuits. As long 
as such circuits have large amounts of energy stored in 
them, the voltages and currents are sinusoidal; and, 
even for the minimum amount of energy which they 
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can contain and still give satisfactory operation, it 
will be found that the wave-forms suffer comparatively 
little distortion. The source of energy is of constant 
potential, and other steady voltages can be obtained, 
if desired, either by batteries or by so arranging a 
condenser that it contains a constant charge. Current 
waves of any shape may be drawn from condensers. In 
general, inductances will be found useful only as chokes 
to pass steady currents while holding back the high 
frequency, or as parts of the main oscillating circuit. 
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Fig. 14. Relations of Potential and Current for a 
Pliotron Driving an Oscillating Circuit 


In applying these ideas more specifically, it is seen 
that the function of the plate-filament circuit through 
the vacuum tube is to connect a sinusoidal and a 
steady voltage source together at a time when the 
voltages are substantially equal. Absolute equality, 
however, will not answer the purpose, for there would 
then be nothing left to overcome the space-charge 
drop in the tube. At a time in the cycle of events 
180 deg. removed from the passage of current, the 
voltage across the tube will consist of the direct volt- 
age plus the peak value of the alternating voltage. This 
is shown in Fig. 14. Here the voltages are expressed 
with respect to the filament. The potential of the 
plate, e,, therefore, consists of a sine wave of ampli- 
tude A about the line representing the potential, X, of 
the supply source as an axis. During the period when 
the alternating voltage is not quite equal to the direct, 
t.e., at a time when the total plate potential is lowest, 
current flows from the direct voltage source into the 
oscillating circuit, thus supplying energy with which 
to overcome its losses. Fig. 15 illustrates the type 
of circuit which would be used for this purpose. 

The period during which the tube is conducting is 
dependent upon the grid excitation. Circuits can be 
made in which special wave-forms are applied to the 
grid, but this is not done in the ordinary circuit. Here, 
the voltage at hand is used. This normally consists of a 
sinusoidal voltage wave obtained either directly from 
the oscillating circuit, or by coupling with this circuit, 
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and a steady voltage usually obtained from a grid- 
leak resistance and condenser. This is accomplished 
as shown in Fig. 16. The sinusoidal voltage is induced 
in the coil by coupling with the main oscillating circuit 
and is applied to the grid through a large condenser. 
A small current will flow to the grid, and it is assumed 
that the coupling to the main circuit is such that this 
current will meet no impedance there. The high- 
frequency components of this current will pass through 
the condenser without causing any appreciable voltage 
drop. However, as the current is not sinusoidal, but 
pulsating in one direction, it will have an average 
value which may be considered as a direct current, 
and this will be forced to pass through the resistance 
bridging the condenser, thus creating a steady voltage 
across its terminals. Of course, the condenser must 
first charge itself up to this voltage, but this is a 
phenomenon which is very rarely of any interest. 
Fig. 14 indicates the manner in which this grid voltage 
e, will be related to the plate potential. The alternat- 
ing voltage of peak value G is sinusoidal about an 
axis representing the drop B in the bias resistance. 
It will be observed that the alternating voltages 
applied to the plate and grid are 180 deg. out of 
phase. In order that large currents may flow in the 
plate circuit, it is necessary that the grid become 
positive during that part of the cycle in which current 
flows in the plate. The bias voltage allows control 
over the interval during which current may flow. 
If it were not for this voltage, current would have to 
flow in the plate circuit for a time corresponding to an 
angle of over 180 deg., or more than an entire half- 
cycle, a condition which will quickly be seen to lead 
to low efficiency. 
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Fig. 15. Connections for a Pliotron Supplying an 
Oscillating Circuit with Energy from a 
Direct-voltage Source 


Knowing the plate and grid voltages, the corre- 
sponding currents through the tube are obtained from 
the characteristic curves. In general, these curves will 
have somewhat the shapes shown in Fig. 14 (7, and 1,). 
The plate current will flow for a slightly longer 
period than that during which the grid is positive, 
for the positive plate potential can cause a current to 
flow, even though the grid be slightly negative, until 
the two potentials are in the ratio of the amplification 
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constant. The depression in the center of the grid 
current pulse is due to secondary emission from the 
grid and is not always present in the degree shown, but 
usually is present at least as a slight flattening of a 
curve which would otherwise be more like the plate 
current pulse. 


Output and Efficiency of Operation 

In calculating the performance of a tube, the energy 
delivered to the oscillating circuit is its output. In 
general this circuit will have two effective resistances, 
one representing useful energy, and the other repre- 
senting losses. The first resistance is used in calculat- 
ing the output of the entire apparatus, but the second 
should also be included when calculating the tube 
performance; for it is not right to charge any device 
with losses dependent on another part of the 
apparatus. 

The energy delivered to the oscillating circuit by 
the tube may be calculated directly by integrating 
the instantaneous product of.plate current and oscil- 
lating circuit voltage for a complete cycle. As in many 
other devices of good efficiency, however, it is found 
desirable to calculate the input to the tube and losses 
connected with it, and take the difference between 
the two for the output. 

The input is obtained by multiplying the average 
plate current by the potential of the direct-current 
source of energy. The losses are of two kinds: those 
inside the tube and those dependent upon the tube’s 
grid requirements. The losses in the tube are obtained 
by integration of the products of instantaneous values 
of the plate and grid voltages and the corresponding 
currents. The only other loss to be charged against 
the tube is that occurring in the grid-leak resistance. 
This is obtained by multiplying the average grid 
current by the bias voltage. 
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Fig. 17 shows the plate and grid voltages with the 
nomenclature to be used in calculating tube perform- 
ance; X is the direct potential of the supply source 
(often termed direct plate voltage) and Z is the 
minimum instantaneous plate voltage. This gives for 
the instantaneous plate voltage 


€) =Z+(X-—2Z) (1—cos 0) 


in which angular displacement (0) is measured from 
the point of minimum voltage. 


507 


The maximum amplitude of the alternating com- 
ponent of the grid potential is G and it is superimposed 
on the bias voltage B. The maximum positive value 
of the grid voltage is Y and its instantaneous value is 


e,= Y —G (1—cos 0) 


In making calculations of tube performance it is 
convenient to assume a given angle for plate-current 
flow and, likewise, given values for minimum plate 
and maximum grid voltages, and then to calculate 


Fig. 17. 


Plate and Grid Voltages with Nomenclature to be 
Used in Calculating Tube Performance 


from these assumed values the required grid excita- 
tion. Fig. 17 shows how the grid excitation, operating 
angle, and plate and grid voltages are related. When 
the grid voltage is equal to —e,/u the tube is at the 
point of cut-off. Letting 0, be the corresponding 
phase angle gives 


G (1—cQs 01) = oa 


V4 {Z+X-Z) (1—cos 61) y 


or c= 
l—cos 0, 


and, of course, 
B=G-Y 


The connection between the minimum plate and 
maximum grid voltages, which occur simultaneously 
in the middle of the current pulses, is obtained by 
studying the tube characteristics. The plate-voltage 
drop fixes the instantaneous efficiency, and at this 
point in the cycle the input should not be allowed to 
suffer any decrease for this should be the time of 
maximum efficiency and, therefore, of the ‘greatest 
importance. For a given instantaneous plate voltage, 
the maximum plate current is usually obtained with 
a grid voltage about 80 per cent as large. For this 
reason, Y is usually taken as about 80 per cent of Z. 
This relationship is due to the secondary emission 
phenomena. If the plate is at a higher potential than 
the grid, it will be the gainer by virtue of secondary 
emission from the grid, while, if the grid has a 
potential high enough to collect the secondary elec- 
trons emitted by the plate, the current to the latter 
will suffer heavily. In different tubes, the relation 


508 October, 1927 


between maximum grid and minimum plate voltages 
will vary slightly, making somewhat indefinite the 
point at which best advantage may be taken of this 
characteristic; but the ratio is usually in the neigh- 
borhood of 80 per cent. 

The means by which this ratio can be determined 
exactly may be inquired. This could be accomplished 
by assuming different ratios and using that which trial 
calculations showed to be the best. It will be found, 
however, that a quite appreciable change in the ratio 
of voltages produces very little difference in perform- 
ance; in other words, since the objective is the peak 
of a very flat-topped curve, a good guess at the prob- 
able location of the peak instead of the actual calcula- 
tion of it will give the desired results and save an 
amount of work which would make calculations of 
performance laborious almost beyond reason. 
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Having removed the ratio of minimum plate and 
maximum grid voltages from the list of variables, 
there remain to be assumed a series of absolute values 
for these voltages and, for each pair of values, a 
series of operating angles. This involves the calcula- 
tion of about twenty-five or thirty sets of conditions. 
As the results of these calculations are to be assembled 
and displayed graphically, it is essential that they be 
more or less regular; for this reason, the calculations 
should be made according to some scheme as illus- 
trated in Fig. 18. | 

In starting upon the calculations, there will be 
found available the tube designation (catalogue 
number, etc.), its amplification constant, the direct 
plate potential and characteristic curves giving the 
plate and grid currents for a wide range of impressed 
voltages. After studying the characteristics, it should 


TABLE 1 
KEY FOR OSCILLATOR CALCULATIONS 


Tube .... 
Amplification Constant (u) .... 
Characteristics .... 


0 


1 —cos 6 0.0152 | 0.0603 
(X —Z) (1—cos 0) 
ep 


€s/ 


Operating Angle (6,) 

Y +e,/u 

1—cos 0 0 
Max. Swing of e, (G) 


A. C. Component of E; 


D. C. Plate Volts (X).... 
Maximum Grid Volts (Y) .... 
Minimum Plate Volts (Z) .... 


Plate Voltage 
40° 50° 
0.1340 | 0.2340 | 0.3572 
[(X —Z) XLine “A””] 
(Z+Line ‘'B’’) 
(Line “C” +u) 
Grid Voltage 


0.5000 | 0.6580 | 0.8264 


1 


1.0000 


(Insert only the Values Required) 


(Y+Line “D”) 


0.0152 | 0.0603 | 0.1340 | 0.2340 | 0.3572 | 0.5000 | 0.6580 | 0.8264 | 0.1000 
| 


(Line “F” =Line “G”) 
(Line “H”+/2) 


(Line “H”-— Y) 


Calculation of an Operating Point 
(Pick One of the Values Required) 


0.0152 | 0.0603 
G (1 —cos 6) 

es 

iz 

îr 
Plate loss 


Grid loss 


Pa+2P++2P¿+2P4, etc. 


Eq. (1): Av. Plate Current = 36 

9 9 
Eq. (2): Av. Grid Current = 28 $20) +20 20a ete. 
, , _ Ra t2Ro+2R-+2Ra, etc. 
Eq. (3): Av. Plate Loss ET ES 
Eq. (4): Av. Grid Loss = ane 


0.1340 | 0.2310 | 0.3572 | 0.5000 | 0.6580 | 0.8264 | 1.0000 


(Take value of G corresponding to 6,) 


(Y —Line “M"”) 


(From Characteristic Curves) 


(From Characteristic Curves) 


(Line ‘‘P’’X Line “C") 
(Line “Q” XLine “N”) 


Electron Loss = Sum of last two losses 

Grid Leak Loss = Bias X Av. Grid Current 

Total Loss (not including Filament) =Sum of last two 
Input (not including Filament) = X XAv. plate current 


Output =Input — Total Loss 
Output 


Input 


Efficiency (not including Filament) = 
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be possible to pick a series of pairs of values for 
Y and Z, the maximum grid and minimum plate 
voltages; and for each of these a series of values of 
operating angles will be assumed, usually running 
up to 6,=90 deg. For each of these cases, the grid 
excitation will be calculated and the plate and grid 
currents obtained from the characteristic curves at 
intervals of about 10 deg. Multiplying the corre- 
sponding instantaneous currents and voltages together 
will give the instantaneous plate and grid losses, and 
these will be averaged for the whole cycle. At the 
same time, the average values of the currents should 
be obtained. The average value of the plate current 
gives the input when multiplied by the direct plate 
voltage, and the average value of the grid current in 
connection with the bias voltage gives the grid-leak 
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resistance loss and the ohms resistance required. 
This completes the data necessary to compute output, 
losses, and efficiency. The filament heating current 
is not included in these figures, because it is supplied 
from a separate source and at a much cheaper rate 
than the high direct-voltage power. The results of 
these calculations are arranged in a systematic man- 
ner so as to indicate the best possible operating con- 
ditions for any given output, and these values are 
plotted as the correct operating conditions to be used 
in circuit design. An example illustrating the method 
employed will indicate some of the points more clearly. 

Fig. 19 shows the characteristics of a one-kilowatt 
tube. This tube is to be operated at 15,000 volts. 
The allowable heat dissipation due to the plate and 
grid losses is 350 watts. The amplification constant is 


TABLE II 
SAMPLE OSCILLATOR CALCULATIONS 


D. C. Plate Volts, 15,000 
Max. Grid Volts, 500 
Min. Plate Volts, 625 


Characteristics, Figure 19 l 
PLATE VOLTAGE 


0 0° 10° 20° 30° 40° E0* 60° 70° 80° 90° 
(1 —cos 6) O | 0.0152 | 0.0603 | 0.1340 | 0.2340 | 0.3572 | 0.5000 | 0.6580 | 0.8264 | 1.000 
(X —Z) (1—cos 0) 0 219 867 | 1,926 | 3.364 | 5,135 | 7,188 | 9,459 | 11,880 | 14,375 
e, 625 844 | 1,492 | 2,551 | 3,989 | 5,760 | 7,813 | 10,084 | 12,505 | 15,000 
e, /u 3 3 6 10 16 23 31 40 50 60 


0, 


Bias 


Sum of Values 


from 


0.0152 | 0.0603 | 0.1340 
G (1 — cos 0) 


Plate Loss 
Grid Loss 


Y > —— | —___—— || + 30° to +30° 


Input (not including filament) 
= 15,000 X0.0762 =1143 watts 


Output =991.9 watts (not in- 
cluding filament) 


Efficiency = 86.8 per cent 
Electron Loss = 84.3 watts 
Grid-leak Loss = 66.8 watts 


Total Loss (not including Fila- 
ment) = 151.1 watts 


Average for 
Entire Cycle 
or 360° 


Determined 
from 


Equation (1) 
Equation (2) 
Equation (3) 


Equation (4) 


TABLE III 
CALCULATED OPTIMUM OPERATING CONDITIONS 


Tube aa Grid Leak A.C. Ratio 
Output y Z 6 D.C. 
Vatta dos. Volts Volts: | Degrees Grid Volts | Grid Volts favs Res Pea ACD 
992 84.3 500 625 30 2,691 3,306 0.0202 164,000 10,170 0.265 
1,720 192. 650 813 35 2,610 3,040 0.0265 115,000 10,040 0.260 
2,440 333. 1,000 38 2,720 3,050 0.0332 92,000 9,910 0.275 


800 
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250. The assumed maximum grid and minimum plate 
voltages with the corresponding operating angles are 


Y (Volts) Z (Volts) 0 (Degrees) 
800 1000 ` 30, 40, 50, 60, 70, 80 
650 813 30, 40, 50, 60, 70, 80 
500 625 30, 40, 50, 60, 70, — 
350 438 30, 40, 50, —, 70, — 


The calculations based on these assumptions have 
been indicated in Fig. 18. Table 1 shows a form 
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arranged for quickly and systematically attacking 
the work, and Table II shows some sample calcu- 
lations. 
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The corresponding curves of tube loss and efficiency 
are shown in Fig. 20. The efficiency curves do not 
necessarily intersect at the same output values as the 
loss curves, because the former include grid-leak loss, 
while the latter do not. If an envelope to the loss 
curves were to be drawn in, the points where any 
curve touched this envelope would indicate the output 
for which the corresponding values of maximum 
grid and minimum plate volts give better operation 
than any other value. It is quite easy to estimate the 
corresponding operating angle by noting the location 
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on the curve of the points calculated for the assumed 
angles. Knowing this angle, the remainder of the 
operating conditions may be computed or estimated 
by inspection of the original calculated data. By this 
method there result the data included in Table III, 
which are shown plotted as curves in Fig. 21. 
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NEW WATTHOUR METER HAS IMPROVED CHARACTERISTICS 


It will be seen that the results might have been 
varied quite appreciably by the least irregularity in 
the figures. As the figures contain the results of step- 
by-step integrations, it is certain that these irregulari- 
ties are present. It might appear, then, that the 
curves of Fig. 21 in particular are meaningless. This 
is far from the case, however, for those factors which 
are subject to the greatest error are those allowing 
wide variation without affecting performance; and the 
factors requiring close adjustment are given quite 
accurately. E 

The grid-leak resistance is an example of a factor 
in which large variations are permissible. All that is 
desired here is the approximate value. If the resistance 
be too low, the tube will adjust itself by drawing more 
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grid current, which it can do without any appreciable 
effect on the other operating conditions. Grid-leak 
resistances which are too large are often trouble 
makers, but a slight error in this direction will 
usually cause no difficulty. In fact, different tubes 
are likely to vary widely from the grid-leak resist- 
ance required in theory, for its value depends upon 
the grid current which is quite apt to vary from tube 
to tube, as it usually involves secondary emission 
phenomena. 

On the other hand, the ratio of the alternating 
components of the grid and plate voltages will not 
permit of much variation without a sacrifice in per- 
formance. Fortunately, the irregularities in the cal- 
culations have very little effect on this factor. 


(To be continued) 


New Watthour Meter Has Improved Characteristics 


single-phase watthour meter is its long-range 

accuracy, attained without sacrificing other 
essentials such as accurate operation under varying 
conditions of temperature, voltage, power-factor, or 
frequency. This meter has remarkably high accuracy 
on overloads, and yet its light-load 
performance is equally accurate. 
Furthermore, this light-load accu- 
racy will be maintained, since high 
torque is a feature of the design. 

A new magnet with very high 
damping effect contributes more 
than any other single factor to the 
performance of the meter. Efficient 
use of the damping flux has made 
unnecessary a proportionate increase 
in size. Notwithstanding the high- 
torque maintained, the high damp- 
ing results in low speed which gives 
the meter its accuracy ón heavy load. 

Among the mechanical refine- 
ments are the method of attaching the cover, the 
sealing arrangement, and the light-load adjustment. 

The greater safeguard provided against tampering, 
added mechanical strength, improved appearance, 
and visibility of the internal parts have led to the 
standardization of the glass cover. 

A clockwise turn of the cover puts it in place, so 
that time is saved in removing, replacing and sealing 


T: E outstanding feature of a new induction-type 


it. Seal pins, wing nuts and washers, and seal bars or 
wires, have been eliminated. The joint between the 
cover and the base has been made tamper-proof by a 
wide, overlapping, close-fitting steel rim on the edge 
of the cover. With no wing-nut pressure and with the 
cover strengthened by the omission of holes for seal 
pins, the possibility of breakage is 
ordinarily very slight. 

The sealing arrangement is such 
that a single design replaces the four 
types previously required to meet 
the sealing methods of different 
operating companies. Means are 
provided for sealing the meter and 
terminal covers separately in ac- 
cordance with more or less general 
practice, or a single seal may be ém- 
ployed for both cover and meter. 

The new light-load adjusting de- 
vice permits adjustment from the 
front of the meter. Greater precision 
of adjustment is thus possible, with 
a saving of time, as there are no clamping screws. 
The adjustment is positive, and it cannot be changed 
except by intent. A complete turn of the screw 
makes a five per cent change at 1/20th load through- 
out the entire range of adjustment. 

This watthour meter is manufactured by the Gen- 
eral Electric Company and has been assigned the 
trade designation Type 1-16. 
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Electric Current Rectifiers 
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A.I.E.E. Jour., July, 1927; v. 46, pp. 667-674. 
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Lighting of a Swimming Pool. Arthur J. Sweet. 
Illum. Engng. Soc. Trans., July, 1927; v. 22, pp. 631-638. 


Electric Locomotives 
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Engng., July 22, 1927; v. 124, pp. 95-98. 


Electric Welding 
Steel-Framed Dwelling Electrically Welded. James G. 
Dudley. 
Iron Age, July 21, 1927; v. 120, pp. 135-137. 


Electrical Machinery—Stability Characteristics 


Stability of Large Power Systems. F. H. Clough. 
I.E.E. Jour., July, 1927; v. 65, pp. 653-673. 


Grounding 


Grounding for Service and Safetv. E. M. Wood. 
Elec. News, July 1, 1927; v. 36, pp. 32- 0. 


Headlights, Electric 
Effect of Wet Roads on Automotive Headlighting. R. E. 
Carlson and W. S. Hadaway. 
Soc. Auto. Engrs. Jour., July, 1927, v. 21; pp. 21-27. 


Heat Transmission 
Heat Transfer Through Insulation in the Moderate- and 
High-Temperature Fields: A Statement of Existing 
Data. L. B. McMillan. 
Mech. Engng., Aug., 1927; v. 49, pp. 898-907. 
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Hydroelectric Plants, Automatic 


Full Automatic Hydro Station at Sherman Dam. E. W. 
Dillard and R. E. Powers. 
Power Pl. Engng., July 1, 1927; v. 31, pp. 710-716. 
(Illustrated description of a 9000-kv-a. plant of the 
New England Power Co., at Monroe, Mass.) 


Insulating Oils 


Insulating Oils: A Review of Research Work in Great 
Britain. A. R. Everest. 
I.E.E. Jour., July, 1927; v. 65, pp. 686-689. 
(Includes a bibliography of 29 entries.) 
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Lightning Protection 


prehearing Oil Reservoirs Against Lightning. Marion E. 
ce. 
Engng. News-Rec., July 7, 1927; v. 99, Pp. 4-8. 


(“A review of methods used by the larger oil com- 


panies in the West Coast field. ””) 


Locomotives, Oil-Electric 
Oil-Electric Locomotives. 
Rwy. Mech. Engr., July, 1927; v. 101, pp. 421-422. 
(A committee report of the American Railway Assoc., 
Mechanical Division. Includes statistics of operat- 
ing results of oil-electric vs. steam, etc.) 


Magnetism 
Magnetism and Magnetic Materials; An Explanatory 
Survey of Theory and Data. G. C. Marris. 
Wld. Power, July, 1927; v. 8, pp. 19-24. 
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Rwy. Elec. Engr., July, 1927; v. 18, pp. 218-220. 
(A short summary of operating results.) 


Standards, Electric 
Electric Motor Standardization. Robert Corey Deale. 
Am. Mach., June 16, 1927; v. 66, p. 1004. 
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Power Pi. Engng., July 1, 1927; v. 31, pp. 721-723. 
(Oil reconditioning methods used at the Acme Plant 
of the Toledo Edison Co.) 
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A.I.E.E. Jour., July, 1927; v. 46, pp. 675-680. 
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Refraction of X-Rays. Bergen Davis. 
Franklin Inst. Jour., July, 1927; v. 204, pp. 29-39. 
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BUT A FEW OF SOME 8000 KINDS 


Photomicrograph of a group of fossil marine diatoms magnified about 120 diameters, In life, these unicellular plants 
multiplied with such prodigious rapidity that their siliceous remains have built up vast deposits throughout the 
world, Because of their minute cellular structure, these diatomaceous earths are extensively employed 

in industry, for example, as heat-insulating material for certain types of electric furnaces 
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ew Cooling Tower 


HIS Tower has been developed for re- 

cooling the jacket water of Diesel engines 
and other purposes where a small quantity of 
water is required. It is based upon the same 
principles which have made Wheeler Cool- 
ing Towers eminently successful in the 
power plant field, but is of smaller size to 
handle the comparatively small amount of 
water required by a Diesel engine. It is of 
atmospheric design. No fans are necessary. 


See our exbibit at 
Booth Nos. 20 and 
64 at the New York 
Power Show, De. 
cember 5. 10, 1927, 


This cooling tower may be of all metal con- 
struction, all wood construction, or steel 
frame and wood filling and louvres, accord- 
ing to fire regulations or other require- 
ments. 


The tower shown above is installed with 
a Diesel engine in a plant of the Arkansas 
Missouri Power Co. 


For further details, write. 


Foster Wheeler Corporation, 165 Broadway, New York, N. Y. 


A consolidation of The Power Specialty Co. and Wheeler Condenser & Engineering Co. 
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GETTING MORE FROM LESS 


Capacity, efficiency, speed, and physical size are 
all closely interwoven in dynamo-electric machine 
design. The first two of these are companion factors 
for both change in the same direction; the greater the 
capacity the more readily is higher efficiency attain- 
able, and an increase in efficiency makes available a 
like percentage increase in capacity. On the other 
hand, speed and size are inverse factors by nature. 

In commercial practice, the capacity, minimum 
allowable efficiency, and often the rotative speed of the 
machine to be built are named in the specifications 
given to the designer. It is then his job to produce a 
machine that will meet these requirements with cer- 
tainty, that will operate at as much higher efficiency 
as possible, and yet cost the least that is compatible 
with reliability and long life. In other words, it is an 
essential part of his work to get more kilowatts output 
from less energy input and from less material. 

The years of intensive study that have been given 
to this ambitious feature of machine design have been 
productive of such great improvements in electrical, 
magnetic, and structural materials, and in ventilating 
arrangements, as to reduce the apparent possibility 
of further remarkable gains. And now comes the 
means of converting one-third of the losses into useful 
output and of simultaneously increasing the capacity 
of the machine about 30 per cent—all by the substitu- 
tion of hydrogen for air as the cooling agent. 

In general, the advantages affurded by a substitu- 
tion can be secured only by accepting certain accom- 
panying and perhaps equally new disadvantages. 
In the case of using hydrogen in place of air, however, 
all the features are favorable. At first, it was thought 
that corona might constitute a serious limitation 
because it begins to form in hydrogen at much lower 
voltage than in air, but tests have revealed that 
corona in hydrogen is harmless to the insulation. 

As a matter of engineering knowledge, it will be of 
interest to review the remaining features. 

The most obvious one is the reduction of the wind- 
age loss, for this loss varies directly with the density 
of the gas employed and commercial hydrogen 
weighs only one-tenth as much as air at the same 
pressure. This reduction in energy wasted may amount 
to a gain of as much as one per cent in machine 


efficiency. Viewed from another angle, the rarity of 
this yas would permit the use of higher peripheral 
speed for the same windage loss. 

The next feature of importance is the gain that 
results from the greater heat conductivity of hydrogen 
and from its better forced heat convection properties. 
Because this gas will conduct seven times as much 
heat as will air for the same temperature gradient, 
and is about 30 per cent more effective in wiping 
heat away from the surfaces to be cooled, a hydrogen- 
cooled machine can be run at much lower copper 
temperatures and still deliver the same output, or 
if operated at the same temperature as in air it will 
deliver considerably more output. 

If it is not desired to take advantage of this possible 
increase in machine rating, the insulation will run 
cooler than in air and have a longer life because 
physical changes in the nature of the material take 
place more slowly at lower temperature, and because 
the smaller temperature range of operation causes 
less movement in the material to accommodate 
expansion and contraction. 

Whether the machine he operated at lower temper- 
ature or at the same temperature as in air, its insula- 
tion is prevented from oxidizing and for this additional 
reason will have a longer life. 

The same property of hydrogen which prevents slow 
oxidation of the insulation also prevents its rapid 
oxidation, or combustion. Though an internal short- 
circuit cause an arc, no flame would result and the 
damaging action would stop immediately the field and 
armature breakers are opened. 

Because the mention of hydrogen sugyests the 
possibilitv of an explosion, the question of this hazard 
has been raised. No such danger can exist, however, 
provided hydroger. of cominercial purity be used and 
air excluded. There are several devices now available 
to give continuous indications of the purity of the 
hydrogen cooling atmosphere, and :f desired these can 
readily be incorporated in some reliable automatic 
scheme of control. To the already existing knowledge 
of how to make gas-tight joints between stationary 
surfaces, Mr. Chester W. Rice now contributes 
information as to how protruding shafts can be sealed 
against gas leakage in either direction. 
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Liquid Film Seal for Hydrogen Cooled Machines 


Requirements of a Satisfactory Seal —Design of Test Seal —Oil Circulating Systems—Detraining 
of Air and Hydrogen Bubbles from Oil—Leakage Tests 


By CHESTER W. RICE 
Research Laboratory, General Electric Company 


HE many advantages of 
hydrogen as a cooling me- 
dium for large electrical 
machines have been pointed out 
by Knowlton, Rice and Freiburg- 
house. In many of the possible 
applications it is necessary to have 
one or both ends of the shaft pro- 
ject through the gas-tight casing; 
consequently some form of seal 
is required around the shaft which 
will effectively prevent the out- 
ward leakage of hydrogen from 
the machine and also prevent any 
appreciable inward leakage of air. 
It is highly desirable to have 
the seal function when the machine is shut down, 
otherwise additional sealing means would have 
to be provided to take care of the stationary 
condition. 

Preliminary studies by H. G. Reist, W. R. Whit- 
ney, E. H. Freiburghouse, M. A. Savage, E. Knowl- 
ton, E. G. Gilson and C. W. Rice indicated that a 
satisfactory seal could be developed on what may be 
called the “liquid-film principle.” What is meant by 
a liquid film type of seal will be evident from an in- 
spection of Fig. 1. Here the shaft passes through a 
stationary sealing ring, of small clearance, from the 
hydrogen side to the air side of the machine casing. 
Oil or other liquid under pressure is distributed 
around the shaft by the annular feed groove and 
forced to flow axially through the small clearance 
between the shaft and the 'sealing ring. In this man- 
ner a complete film of liquid is maintained which con- 
stitutes an effective seal for both stationary and run- 
ning conditions. 

In the preliminary: studies already referred to, 
Freiburghouse showed that large pressure differences 
between the two sides of the seal could be taken care 
of by the liquid film type of seal. The present article 
however, will be confined to the problems encountered 
in the development of a seal for low-pressure machines. 
Here the hydrogen pressure within the casing is of 
the order of one-half pound per square inch above 
atmospheric pressure (14 lb. per sq. inch=13.9 inches 
of water) which is sufficient to insure an outward 
leakage of hydrogen through any small holes which 
may be present in the machine casing. 


sign. 


(1) Edgar Knowlton, Chester W. Rice and E. H. Freiburghouse, Trans. 
A IEE 1925, p. 922, 


The successful building of larger 
and still larger electric generators, 
of higher and still higher efficiency, 
has been made possible not so 

»much by increase in physical 
dimensions as by improvements 


in the materials of construction 
and the features of machine de- 
Hydrogen is now being 
seriously considered as the ven- 
tilating material; the problem of 
designing a satisfactory seal for it 
ts here imvestigated.—EDITOR 


Test Seal No. 1 

The details of the test seal are 
shown in Fig. 2. The shaft diam- 
eter is 12 in. (30.5 cm.) and the 
hole in the sealing disk / 12.024 
in., giving a clearance of 0.012 in. 
(0.0305 cm.) on a side. Oil under 
a suitable head is fed into the 
15-in. by l-in. annular groove JI 
through the 2-in. (actual inside 
diameter, 2.067 in.) feed pipe ZI 
at the bottom of the seal. The oil 
then flows axially 34 in. (1.9 cm.) 
to the left toward the hydrogen 
side and an equal distance to the 
right toward the air side. These 
constricted sections form the seal proper. Release 
grooves IV, 1% in. long by ṣẹ in. deep, receive the 
major portion of the flow and drain it off through 
seven %%-in. diameter holes V which are drilled 
radially into the lower half of the release grooves 
IV. After release, the oil from the air side of 


on OR OTHER LIQUID 
UNDER PRESSURE 


HYOROGEN AIR 


ANNULAR FEED GROOVE 


SEALING o AROUND SHAFT. 


RING ~ 


NAKAL FLOW THROUGH THE 
CLEARANCE BETWEEN THE 
SHAFT AND THE SEALING 
RING 


AXIAL FLOW 
TOWARDS THE 
He SIDE 


a OIL DRAIN 


Fig. 1. Liquid Film Type of Seal 

the seal is drained into the air-detraining tank 
through the 1ló-in. standard pipe (actual inside 
diameter, 1.61 in.) V/ and from the hydrogen side 
into the hydrogen detraining tank through the 2-in. 
standard pipe (actual inside diameter, 2.067 in.) VII. 
The remainder of the apparatus along the shaft is a 
standard type of oil-deflecting system VIII. The 
small bearings /X provide the necessary support for 
the shaft section. A 2-in. standard pipe is connected 
at the top of the annular feed groove JJ to serve as a 
bubble vent pipe. This is fitted with a 1-in. diameter 
glass pipe so that the action of the seal during “break- 
down” may be studied. 


LIQUID FILM SEAL FOR HYDROGEN COOLED MACHINES 


The sealing disk J is made in two halves so that it 
can be assembled around the shaft and the joint 
sealed by an oil groove connected with the feed 
groove II. The joint between the sealing disk and 
the machine casing is sealed by the oil groove X which 
is likewise connected to JJ. Obviously other difficult 
joints on the machine casing, such as three-way joints, 
may be oil sealed by the same method. 

The drum XI serves as the hydrogen container of 
sufficiently small size so that small leakage and 
changes of hydrogen purity may be readily detected. 
The seal was connected to the driving motor through 
the flexible coupling XIT. 


Sealing System for Test No. 1 

The complete oil circulating system for the first 
tests is shown diagrammatically in Fig. 3. Oil from 
the hydrogen side of the seal is drained into a closed 
tank about the size of a barrel where the froth and 
bubbles are given time to detrain. The detrained 
hydrogen passes back to the machine through an 
equalizer pipe. Clear oil, free from bubbles, is drained 
out at the bottom into the supply tank. Oil from 
the bottom of a similar air detraining tank is also 
fed into the supply tank as shown. A small motor- 
driven gear pump forces the oil up into the gravity 
feed tank which is located at such a height as to main- 
tain the’desired head on the seal. An overflow is pro- 
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vided from the gravity feed tank to the air-detraining 
tank which allows a constant level to be maintained 
by simply running the pump at a slight excess speed. 


Gas Detraining 
The oil which is discharged from the seal contains 
bubbles of all sizes. The large bubbles rise quickly 


917 


to the surface and produce the familiar surface froth 
which, upon standing, breaks down in a relatively 
short time. If a sample of the apparently clear oil 
underneath the froth is drawn off in a test tube and 
held to the light it will be seen to contain countless 
small bubbles from the size of a pin head down to 
those of microscopic sizes. The larger ones are ob- 
served to rise most rapidly and the smallest hardly 
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Fig. 3. Sealing System for Test Seal No. 1 


appear to move at all. These observations are, of 


‘course, readily explained by applying Stokes’ Law ® 


for the terminal velocity acquired by a small sphere 
falling under the force of gravity through a viscous 
medium. The rate of rise of small bubbles is obviously 
an equivalent problem and therefore may be cal- 
culated from Stokes’ Law which gives for the terminal 
velocity 


(1) 


2 
v= 9 8 a? cm. per sec. 


pp 
u 
where g = Acceleration due to gravity = 980 cm. per 
sec.?. 

pı = Density of sphere in grams per c.c. 

p = Density of fluid in grams per c.c. 

u = Viscosity of fluid in c.g.s. units. 

a = Radius of sphere or bubble in cm. 


Let us now apply this relation to the calculation 
of the dimensions of a detraining tank suitable for 
the seal. 


(6) Hydrodynamics," by Horace Lamb, Camb. Univ. Press, 3d Edition, 
1906, p. 554. 
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Assume: 

Quantity of oil flow from one end of seal, 

Q=1 gallon per min. =63 c.c. per sec. 

Viscosity of oil at mean detraining temperature, 

p=0.5 c.g.s. units 

Density of oil at mean detraining temperature, 

p =0.9 grams per c.c. 

Radius of the smallest bubbles which it is con- 
sidered necessary to remove, 

a=0.01 cm. 

The density of the bubble, whether filled with air 
or hydrogen, is negligible compared with the 
density of the oil; we therefore write 

pi=0 
Substituting these values in Equation (1) we have, 


2 —0.9 
v a X 980X- Xx 0.0001 = — 0.0392 cm. per sec. (2) 


for the terminal rate of fall of the smallest bubbles. 
The negative sign is due to the fact that the small 
spheres are rising instead of falling. If these bubbles 
are not to be carried out at the bottom of the detrain- 
ing tank it is necessary that the velocity of flow 
through the tank should be equal to or less than the 
upward velocity of the bubbles. The rate of down- 
ward oil flow through the tank is 


vo=Q/A cm. per sec. (3) 


where Q = Quantity of oil flow from one side of the 
seal in c.c. per sec. 
A = Area of detraining tank in sq. cm. 


Equating (2) and (3) we have 
63 c.c. per sec. 


A= 


= —— = 1600 sq. cm. 
0.0392 cm. per sec. eure 


If the tank has a circular section the diameter will be 


m D? 


= 1600; D=45 cm. =17.7 in. 


The tank depth should be sufficient to take care of 
the froth storage and give time for a uniform condi- 
tion of flow to be established throughout the cross 
section. This condition may be greatly hastened by 
properly distributing the incoming oil over the surface 
of the tank. 

The tanks used in the tests were 2 ft. in diameter 
by 3 ft. deep and were found to be of ample size as 
the foregoing calculations show. 

The effect of seal dimensions and fluid viscosity 
on the area of the detraining tanks may be studied as 
follows: By equating Equations (1) and (3) we obtain 


AL 2 > (4) 


2 pa? 
If the pressure head which feeds oil to the seal is 
large compared with the critical “breakdown”* value, 


*The ‘‘breakdown" effect will be discussed later, under heading of 
Breaking Head Tests on Seal No. 1. 
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the oil flow under running and standstill conditions 
will be the same, assuming the same temperature con- 
ditions, and may be calculated from the following 
equation for the viscous flow between parallel 
planes: 
-CEP 
 l2uL 


where C = Circumference of Seal=rD in cm. 
t= Thickness of oil film or seal clearance in cm. 
P = Pressure difference causing oil flow in dynes 
per sq. cm. 
u= Mean viscosity of oil flowing through seal 
in C.g.s. units. 
L=Length of constricted sealing section in cm. 


C.C. per sec. (5) 


If it is now assumed for simplicity that the mean 
viscosity of the oil in the seal is the same as that in 
the detraining tank, Equation (5) may be substituted 
in (4) with the result that 


A= sq. cm. (6) 


For the assumptions upon which this equation is 
based it will be seen that the viscosity of the fluid 
used in the seal has no effect upon the detraining area 
required. For a given shaft size the circumference C 
is constant. Certain quantities, as gravity (g) and the 
smallest allowable bubble radius (a) may be taken as 
fixed; and since the densities of the convenient fluids 
are all about unity, p may be assumed constant. Then 


P 
Aa (7) 


Hence the detraining area is proportional to the 
cube of the film thickness or allowable shaft clear- 
ance, which should be made as small as consistent 
with ruggedness. 

The power consumed by the seal is due to viscous 
shear and for each half may be written: 


y2 
Watt p 1 


ergs per sec. (8) 


where C = Circumference of shaft in cm. 
L=Length of constricted section from feed 
groove to release groove in cm. 
u= Mean viscosity of oil in seal in c.g.s. units. 
t= Thickness of oil film in cm. 
v= Linear shaft velocity in cm. per sec. 
=nC where n= Revolutions per sec. 


This may be written 
 _CómLp 
t 


For a given machine we may consider C? n? constant 
and write 


W X107 watts (9) 


Lu 
eee 
t 


(i ei uaa by Horace Lamb, Camb. Unir. Press, 3d Edition, 
42, 


W (10) 


1903, p. 
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A comparison of Equation (10) for the power con- 
sumption with Equation (7) for the detraining area 
shows that a small clearance may be used to reduce 
the required detraining area without producing an 
excessive power loss, since the detraining area varies 
as the cube of the film thickness while the power con- 
sumed varies inversely as the first power. Equation 
(10) also shows that a low viscosity is desirable from 
the power standpoint and may therefore be used 
without increasing the detraining difficulties. The 
seal length increases the power consumed in the 
same proportion that detraining is assisted. 

If we assume as an approximation that all of the 
power consumed by the seal appears as a rise in the 
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Fig. 4. Viscosity and Density Data for a Typical Bearing Oil 


Temp. (deg. C.) 20 30 40 50 60 70 80 90 100 110 120 
u (c.g.s.).. 1.50 0.78 0.45 0.28 0.20 0.14 0.10 0.070 0.050 0.035 0.025 


oil temperature (1.e., none of the heat is conducted 
away through the metal parts) we may write for 
each side 


W=4.18 Q pc At watts (11) 


where Q = Qil flow from one side in c.c. per sec. 
p= Density of oil in grams per c.c. 
c=Specific heat of oil in calories per gram 
per deg. C. 
At= Temperature rise of oil in degrees centigrade. 


If we substitute the value of Q given by Equation 
(5) and the value of W given by Equation (9) in (11) 
we obtain 

12x10" Cn ES que 
A sc a C. (12) 
4.18 ti pc P 

Equation (12) shows that the temperature rise 
of the oil would vary inversely as the fourth power 
of the film thickness if the viscosity remained 
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constant. In the case of oils, the viscosity decreases 
rapidly with rise in temperature and therefore tends 
to offset this tendency. Here again it is seen that a 
low value of viscosity is desirable. A high specific 
heat is obviously of considerable help. From this 
point of view, water, which has approximately twice 
the specific heat of the oils, would be useful. At 
present it seems best to avoid the use of water on 
account of its harmful effect on the insulation of the 
machine and possible troubles due to rusting. Also 
the exceedingly low viscosity of water (0.008 c.g.s. 
units at 30 deg. C.) means that we would have larger 
quantities of liquid to handle than seem convenient. 

The discussion of detraining may be concluded by 
a few remarks on methods of accelerating the action. 

First, by heating the oil in the detraining tank it 
is possible to greatly reduce the viscosity and hence 
the required detraining area in direct proportion 
as shown by Equation (4). Inspection of the vis- 
cosity-temperature curve for the typical bearing 
oil given in Fig. 4 shows that a ten-to-one reduction 
is readily possible by moderate heating. 

A second method is to pass the oil containing the 
small bubbles into a partially evacuated tank. If the 
pressure maintained in the tank is 1/10 of an atmos- 
phere, the bubbles which contain gas at atmospheric 
pressure will tend to expand to 10 times their volume 
at entrance. The increased size will increase the 
rate of rise to the surface and therefore reduce the 
required detraining area as shown by Equation (4). 
Of course, the bubbles which are well below the 
surface will be subject to the hydrostatic pressure 
due to the height of the oil above them and will, 
therefore, not increase to the full ten-fold volume 
until they get nearly to the surface. We are neglecting 
here the effect of surface tension, which will tend to 
keep the bubble from expanding to the full value. 
The pressure on the gas within the bubble due to 
surface tension is given by “ 


(13) 


where T = Surface tension for oil in contact with air 
in dynes per cm. 
a= Radius of bubble in cm. 


P=2T/a dynes per sq. cm. 


If we take T =30 dynes per cm. for oil and a=0.01 
cm., we have P=6000 dynes per sq. cm. One at- 
mosphere = 14.7 lb. per sq. inch= 1.013X 10; dynes 
per sq. cm. so that P=1/166 atmosphere, which is 
small enough to be neglected unless a vacuum of this 
order of magnitude is being employed. We have also 
neglected the effect of the gases which are dissolved 
in the oil which will tend to increase the size of the 
bubble by discharging air from solution into it. 
This question will be discussed further. 

The third method is to artificially increase the 
effective value of the accelerating force of gravity 


(4) “Text Book of Physics: Properties of Matter.” by Poynting and 


Thomson, Charles Griffin & Co. (London). 1913, p. 144. 
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by centrifugal force in a device like a milk separator 
or a centrifugal pump. For example, the centrifugal 
force is given by 


F=m v/r dynes (14) 


where m= Mass of the particle in grams. 
v= Velocity in cm. per sec. 
r= Distance of particle from the center of 
rotation in cm. 
also 


F=ma dynes (15) 


where @=acceleration in cm. per sec’. 


Equating (14) and (15) we have that the accelera- 
tion due to rotation is 


a=v?/r cm. per sec.? (16) 


If we take r=15 cm. (5.9 in.) as the radius of our 
centrifuge and rotate it at 3000 r.p.m. the resulting 
acceleration is 4=1.48X10% cm. per sec.?, which is 
1500 times greater than the acceleration of 980 cm. 
per sec.” due to gravity. If we put this high value of 
acceleration in Equation (4) for the value of g the 
required detraining area will be reduced to 1/1500 
of the unaccelerated value. Thus centrifugalization 
is a very potent means of detraining. 


Breaking Head Tests of Seal No. 1 

If the sealing head as observed in the glass vent 
pipe is gradually lowered by throttling the feed 
line (Fig. 3) while holding the seal speed constant, 
a critical value of the sealing head h, is reached at 
which bubbles appear in the glass vent tube near 
the seal. This critical head is called the breakdown 
value of the seal for the speed in question. If after 
the seal has been broken down in this manner we 
gradually open the valve in the feed line, it is found 
that the apparent head required for resealing is 
about 20 inches greater than the breaking head. This 
apparent increase of head required for resealing is 
probably due to the fact that the bubbles in the vent 
pipe reduce the mean density of the oil in the column 
which is used as a measure of the resealing head. 

The breakdown of the seal is assumed to occur 
when the centrifugal head h, due to the rotation of the 
fluid in the annular feed groove equals the oil head 
h, which is available to prevent a break at the top 
of the seal. The approximate velocity and centrifugal 
pressure distributions for wide and narrow feed 
grooves are illustrated at the top of Fig. 5. The oil 
at the shaft moves with the full shaft velocity V 
while that on the sides and top of the groove remains 
at rest. The constant-velocity curves for intermediate 
positions are illustrated by the curved full lines. The 
centrifugal pressure increases from zero at the shaft 
to a maximum value at the top of the groove due to 
the rotation as indicated by the dotted lines. A com- 
parison of the cases for the wide and narrow grooves 
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shows that the velocity falls off much more rapidly 
in the narrow groove due to the shielding action of 
the sides, and consequently that the total pressure 
built up is much less in this case. A rigorous solution 
of the actual problem would appear to be extremely 
difficult and for practical purposes it seems satis- 
factory to make the approximation shown at the 
bottom of Fig. 5. Here is assumed an impeller having 
a radial depth which is proportional to the slot 
width and rotating with one-half the shaft velocity. 
The pressure head developed between the shaft 
and the impeller tip by such a pump is given ® by 


(hi —h2) go=% p w (r-r?) (17) 
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Fig. 5. Approximate Velocity and Centrifugal Pressure Distributions 
for Wide and Narrow Feed Grooves and, Below, the Assumed 
Impeller Equivalents 


where h, = Pressure head at impeller tip. 
ho = Pressure head at shaft. 
g= Acceleration due to gravity. 
p= Density of fluid. 
w= Angular velocity. 
ra= Radius from center of shaft to impeller tip. 
rı = Shaft radius. 

For this case it is assumed that the angular velocity 
of the equivalent pump is equal to one-half the 
angular velocity of the shaft being sealed. The fol- 
lowing equation for the centrifugal pressure head 
developed in the sealing groove is thus obtained: 


1 2 rn! 
h.=— r2 — r? 
2g 2 


= —— (re? —712) cm. of oil 
£ 


or 


(18) 


where n = Revolutions of seal per second. 
r, = Radius of shaft in cm. 
ra= Radius from shaft center to impeller tip, 
in cm. (to be determined by test). 
g= Acceleration of gravity =980 cm. per sec.’ 


In this case the head is given in centimeters of oil or 


() Unwin: “Hydraulics,” Adam and Black (London), 1907, p. 53. 
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fluid having the same density as that used in the seal. 
If we take the radii in feet and g=32.2 ft. per sec.?, 
the head will be obtained in feet. 

The breaking heads measured in inches of oil 
from the top of the sealing groove (1.e., taking the 
zero at 7 in. above the center of the shaft) are plotted 
against the shaft revolutions per minute on logarith- 
mic paper in Fig. 6. These values were taken with 
atmospheric pressure on both sides of the seal. The 
points are seen to be well represented by a straight 
line of slope 2 which is in agreement with Equation 
(18). The impeller height required to give the observed 
breaking heads, determined by equating h, to h, of 
Equation (18), is found to be 0.46 times the groove 
width. Breaking head tests on the double-groove 


BREAKING HEAD fy IN INCHES OF OIL 


SHAFT SPEED R.P.M 


Fig. 6. Breaking Head Data on Seal No. 1 


type of seal, which had an lg-in. feed groove, gave 
approximately the same ratio. We may therefore 
write the following approximate relation for the 
breaking head: 


Tin? 


ho =hy Ho [(r,+0.46 w)*—ri?] cm. of oil (19) 


where h, = Pressure in machine being sealed measured 
in cm. of oil. 
n =Shaft speed in rev. per sec. 
g = Acceleration of gravity = 980 cm. per sec.? 
rı =Shaft radius at seal in cm. 
w =Feed groove width at shaft in cm. 


If we take g=32.2 ft. per sec.? and hp, m, and w in 
feet we obtain h, in feet of oil. 


Calculation of Seal Power Consumption, Oil Flow, and Tem- 
perature Rise 


In the following discussion we will imagine the 
seal divided at the feed groove and treat the air and 
gas sides separately. This procedure is necessary 
since the flow conditions on the two sides are gener- 
ally different. 
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The power in kilowatts consumed by the half seal 1s: 


2 
W= (= L 


X10- u kw. (20) 
where C =rD = Circumference of seal in cm. 
n = Shaft speed in revolutions per second. 
L= Length of seal from feed groove to release 
groove in cm. 
t = Thickness of oil film in cm. 
u= Mean viscosity of oil in seal film in c.g.s. 
units. 


Remembering that P =h p g, we obtain the follow- 
ing expression for oil flow from Equation (5): 


Qn fe eet PN l oa ad 
= T a .C. p ; 


(21) 
where h, = Mean static head on seal at feed groove 
measured in cm. of oil. 

h, =Observed breaking head for the speed 
under consideration, measured in cm. of 
oil from the top of the feed groove. This 
gives the centrifugal head due to oil rota- 
tion in the feed groove. 

h,= Head opposing the flow from feed groove 
to release groove, measured in cm. of 
oil. On the air side, h,=0; and on the 
gas side, h, = pressure being sealed. 

p= Mean oil density in grams per c.c. 
g=980 cm. per sec.*= Acceleration of gravity. 


The other symbols are as given under Equation (20). 

To completely solve our problem a third equation 
is required since we have the three unknowns, W, Q, 
and u. This is readily supplied if we assume that 
approximately all of the power consumed by the 
seal appears in the oil temperature rise. We thus 
obtain 


W = {0.00418 p c} QAtkw. (22) 


where c=Mean specific heat of oil in calories per 
gram per deg. C. | 

A t= (t2—t,) = Temperature rise of oil from feed to 
release grooves in deg. C. 


If we substitute X, Y, and Z for the bracketed 
quantities in Equations (20), (21) and (22) respec- 
tively, we obtain the following three simultaneous 
equations which completely determine our problem: 


W=X u (23) 
Q=Y/p (24) 
W=ZQ (t2—+t1) (25) 


Here we assume that the relation between the oil . 
viscosity and its temperature is given by a curve, 
such as that in Fig. 4. Then, with X, Y, Z, and 4 given, 
we may find W, Q, and te. 
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A convenient way of handling these simultaneous 
equations is to substitute (24) in (25) and obtain 


_YZ (4—h) 
u 


With t, given, W is now calculated for a series of 
assumed values of tz. The mean value of film viscosity 
(u) is taken at the average film temperature, t.e., u 
is taken at t¿=(t1+t.) 2. We then plot W from 
Equation (26) against the assumed values of ts. 
In like manner we plot W from Equation (23) against 
: assumed values of to. The intersection of Wo and 
Waz gives the values of W and t for the assumed value 
of tı. The value of Q is then obtained by substituting 
these values of W and tz in Equation (24) or (25). 
As an example let us apply the method to Seal 
No. 1. Here 
C=n7D=7 X12" X2.54=95.7 cm. 
n= 3000 r.p.m. /60=50 rev. per. sec. 
L=0.75" K 2.54 =1.9 cm. 
t =0.012” K 2.54 =0.031 cm. 
h, = 125" X2.54=318 cm. 
hy =91" X 2.54 = 231 cm. (from curve in Fig. 6). 
h,=zero on air side and 13.8” X 2.54 = 35 cm. on 
gas side. 
p=0.89 grams per c.c. assumed mean value at 
50 deg. C. from Fig. 4. 
g=980 cm. per sec.? 
t,=45 deg. C. mean temperature of oil in feed 
groove. 
c=0.46 calories per gram per deg. C., mean specific 
heat. 
u = Viscosity as given in Fig. 4. 


W (26) 


Substituting these values in Equation (20) we have 


0.031 de 


W= | 41 =13.4u kw. 


From Equation (21) we have for the air side 
95.7 X (0.031)3X (318—231—0)X0.89X080| 1 


o=| 121.9 u 
9.5 


u 


C.C. per sec. (28) 


From Equation (22) we have 
W = (0.00418x0.89X0.46)QAf=0.00171 QA! kw. (29) 
Substituting (28) in (29) we have 


_ 0.0162 (t—t) 
u 


W kw. (30) 

The calculated values for different assumed values of 
exit oil temperature, t, are given in Table I and plotted 
in Fig. 7. The point of intersection of Wa and Ws 
gives 2.55 kw. for the power consumed by the air half 
of the seal and 75 deg. C. as the exit oil temperature. 
The mean film temperature is (45 deg. +75 deg.)/2 = 
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60 deg. C., which corresponds to u=0.20 and the 
flow obtained from Equation (28) is 


9.5 
“jag +15 c.c. per sec. 
ii 47.5X60 id 
A 75 0 Seal pera: 
3785 
For the gas side of the seal we have 


W =13.4 u kw. (32) 


as before, since seal No. 1 is mechanically similar on 
both sides. 
The flow is given by 


= = x 29.8 X10~* x (318 — 231 — 35) x0.89 x 980) 1 


12x 1.9 Su 
5.67 
= C.C. per sec. (33) 
We also have as before 
W=0.00171 O At kw. (34) 


Substituting (33) in (34) we obtain for the gas side 
0.00972 (te— ty) 
= ——_—__———— kw. 


u 
TABLE I 
CALCULATIONS FOR SEAL No. 1 


Ww (35) 


Mean , sw l 
Oil Oil E | Ow Sea eae 
t9 gu Tomp: ee See tia | Wes | Wy= 
A EA Geer aa ea o er A i 
Deg C.| Deg. C. 2 C.g.s. Kw eg. C. u u 
Deg. | Kw Kw. 
45 45 45 | 0.35 | 4.68 | o | o0 0.0 
45 | 55 | 50 | 028 |375 10 | 0.580 | 0.348 
45 65 55 «| 0.23 | 3.08 | 20 1.41 0.848 
45 Ta 60 | 0.20 | 2.68 | 30 | 2.43 1.46 
45 85 65 | 0.16 | 2.14 | 40 4.07 | 2.44 
45 95 70 | 0.14 | 1.88 | 50 5.80 | 3.48 
45 |105 | 75 | 012 | 1.61 | 60 | 810 | 4.84 
45 |115 80 10.10 | 1.34 | 70 | 10.4 | 681 
45 | 125 85 | 0.080| 1.07 | 80 | 16.2 ae 


The calculated values are given in Table I and 
plotted in Fig. 7. The point of intersection of Ws 
and Ws gives 2.2 kw. for the gas side power con- 
sumption and 83 deg. C. as the exit oil temperature. 
The mean film temperature is 64 deg. C., which 
corresponds to 4 =0.17 and the flow obtained from 
Equation (33) is 


= = 34 c.c. per sec. =0.54 U.S. gal. per min. (36) 


The calculated and measured values obtained for 
Seal No. 1 may now be compared: 


0.74 gal. per min. 
0.75 gal. per min. 
76 deg. C. 
75 deg. C. 


Observed air-side flow 

Calculated air-side flow 
Observed oil temp., leaving seal, air side = 
Calculated oil temp., leaving seal, air side = 


Armature input to driving motor =10.6 kw. 
Driving motor input, seal dry = 5.8 kw. 
Total seal loss by difference = 4.8 kw. 
Calculated seal loss = 4.75 kw. 
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The agreement between the calculated and ob- 
served values are seen to be well within the probable 
errors of measurement. 


Leakage Tests on Seal No. 1, Using Air 

The leakage tests in this case were made by filling 
the system with air to a pressure difference of 14 in. 
of oil (density, 0.91) and noting the drop in pressure 
with time. The air content of the system was reduced 
to the minimum available value (t.e., 10 cu. ft., the 
total volume of drum and hydrogen detraining tank, 
the gasometer being disconnected) so as to reduce 
the time necessary to obtain accurate leakage values. 
Proper corrections were made for temperature and 
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Power Calculations for Seal No 1 


barometric changes during the runs. The tests were 
usually run until the pressure in the system had 
dropped to about 12 in. of oil. The average of several 
runs gave the following values: 


Seal stationary, leakage =0.015 cu. ft. per hr. 


= 0.021 cu. ft. per hr. (37) 


Seal running, leakage 
(3000 r.p.m.) 


These small values were highly satisfactory and 
the next step was to repeat the tests using hydrogen 
instead of air. 


Leakage Tests on Seal No. 1, Using Hydrogen 

The system was filled with hydrogen, having first 
displaced the air with carbon dioxide gas by feeding 
it in at the bottom and letting the air out at the top, 
and then introducing the hydrogen at the top and 
letting the carbon dioxide out at the bottom. This 
process eliminates the necessity of a large waste of 
hydrogen in extensive scavenging and precludes the 
possibility of an explosion from any cause since no 


explosive mixture is produced at any time during the 
filling process. 

For these tests a small gasometer was connected 
to the system, bringing the total mean hydrogen 
content of the system up to 11 cubic feet. 

A recording hydrogen purity indicator, operating 
on the heat conductivity principle, (% was connected 
at the top of the drum as shown in Fig. 3. Samples 
were drawn at the top of the drum and at the bottom 
of the system (7.e., from the hydrogen detraining 
tank) at intervals throughout the tests and sub- 
mitted to chemical analysis as a check on the purity 
indicator. 

The results of a typical run are shown in Fig. 8. 
The decline in purity with time shows that there is an 
appreciable leakage of air into the system. The 
average rates of leakage of air into the system as 
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Fig. 8. Hydrogen Leakage Tests on Seal No. 1, 
Without Vacuum 


calculated from the changes in hydrogen purity were 
as follows: 


Seal stationary = 0.024 cu. ft. per hr. 


=0.24 cu. ft. per hr. (38) 


Seal running 
($000 r.p.m.) 
This leakage of air into the system is due to the 
liberation of the air dissolved in the oil when it flows 
into the hydrogen atmosphere in the drum, as will 
be evident from the following example: 
‘Referring to Fig. 9, let 
Q= Number of c.c. of oil flowing into the drum 
per sec. 
O, = Number of c.c. of oil flowing out on the air 
side per sec. 
x= Number of c.c. of hydrogen contained in one 
c.c. of oil coming from the gravity feed tank 
at the time !. 
y = Number of c.c. of air contained in one c.c. of 
oil coming from the gravity feed tank at the 
time t. 


(5) H. A. Daynes, Proc. Roy. Soc., 1920, p. 273. Note: The instrument 
used was built by the Camb. Sci. Inst. Co. under the Shakespeare patent. 
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q= Number of c.c. of gas leaving the drum per 
sec. at the time t. i 

H = Solubility of hydrogen in the oil leaving the 
seal (t.e., the number of c.c. of hydrogen in 
one c.c. of oil). 

A = Solubility of air in the oil leaving the seal 
(z.e., the number of c.c. of air in one c.c. 
of oil). 

z= Hydrogen purity in drum (1.e., proportion 
of hydrogen) at the time t. 
1 —z = Proportion of air in drum at time t. 

Z= Initial hydrogen purity in drum (1.e., z=Z, 
at t=0). 

V =Total volume of gas in drum and connected 
apparatus in c.c. 


TABLE II 
SOLUBILITIES OF HYDROGEN AND AIR IN 
TRANSFORMER OIL 
(Rodman and Maude) 
CURIC CM. OF GAS 
DISSOLVED IN 
Liquid ONE C.C. OF LIQUID 
G and Gas | (FROM EXPERIMENTS 
as Temp. |AT 760 M.M. PRESSURE) 
RO E 
Trans. | Water 
Nitrogen 25 0.0925 | 0.0156 
Na 80 0.119 0.0124 
Oxygen 25 0.171 0.0309 
O: 80 0.193 0.0228 
Hydrogen 25 0.0560 | 0.0191 
Hz: 80 0.9890 | 0.0207 
Carbon Dioxide 25 1.08 0.828 
CO, 80 0.732 (0.322) 
Methane 25 0.416 0.0329 
CHa 80 0.212 0.0229 
Carbon Monoxide | 25 0.204 0.0234 
CO 80 0.198 0.0185 
Air 25 0.109 0.0188 
79 per cent N2+21 per cent O: 80 0.135 0.0146 — 


At the time ¢ the hydrogen purity in the machine 
is z. At the time t+dt the new purity, z+dz, is 


Vz—(0, Hzdt+q2dt — O xdt) 


V+[Qixdt+ Qiydt — qzdt —q (1—2) dt— Q, Hzdt—Q,A (1— 


The numerator of Equation (39) is the original 
hydrogen content of the system minus the net loss 
of hydrogen occurring in the short interval of time 
dt. The denominator gives the original total volume 
of gas in the machine plus the net flow of gas into 
the machine during the time dt. Now the pressure in 
the machine is held constant by controlling the rate 
q at which gas is allowed to leave the drum. At 
first sight it may be thought that hydrogen would 
have to be added to the drum from some external 
source to hold the pressure constant. The fact is that 
more gas is brought into the drum by the incoming oil 
than is taken out by the outgoing oil for the assumed 
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values of air and hydrogen solubilities. The constant 
pressure condition means that the net amount 
of gas flowing into the machine must be zero. We 
therefore have 


Oix+Qiy—qz—g (1—2)—Qı Hz—Q,A (1—z)=0 (40) 
Equation (39) now becomes 


_ Vz—(Q: Hz+qz—Q, x) dt 


z+dz= y (41) 


Subtracting this new value of purity from the original 
purity we have 


Vz— (Q, Hz+qz—Q, x) dt (42) i 


a epean 
2=2 
and 
— Vdz=(Q, Hz+qz—Q, x) dt (43) 
Feeo YANK 
Q, Hy or Ha EA, QA or AIR 


QA(-3) or Air ZE 


air 
DETRAINF e 


HYDROGEN 
DE TRAINER 


Fig. 9. Conditions Existing in System When 
No Vacuum is Used 


In other words, Equation (43) states that the 
volume times the change in purity occurring in a short 
interval of time, dt, is equal to the net loss of hydro- 
gen during the short time interval. 

At the gravity feed tank, Fig. 9, there exists an 
equality between the amount of hydro- 
gen in the incoming and outgoing oil. 


Qı Hz = (Q,+0») xX 


2) dt] 99) (44) 


Similarly for the air 

Qı A (1—2)+Q: A=(0,+0») y (45) 
Here we assume that all of the hydrogen carried out 
in the oil on the air side is whipped out and lost 
(t.e., we lose Qx c.c. of hydrogen per second). 

Now we have the four simultaneous equations, (40), 
(43), (44), and (45) required to determine the un- 
knowns x, y, z, and q as functions of the time t. 
Substituting the values of x and y from Equations 
(44) and (45) in Equation (40) we obtain 

Qı Q: 


er 


(A—H) 2 (46) 
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If we now substitute Equations (44) and (46) in 
(43) we have for our differential equation relating 
z with t 


dz Qı 02 


dt V(Qi+Qz) 


This equation is solved by separating the variable 
and then integrating by Peirce,“ Equation 68. To 
determine the integration constant we have z=Z, 
when t=0. This gives 


{Hz+(A—H)z*} (47) 


Zo _H 010: t 
H E€ V Q:+Q: 
raTa 
2= A-H Lo _H Qı Q: (50) 
H € V 0:+70x3 
Z CT 
oTA_H 


TIME IN HOURS 


Fig. 10. Decrease of Hydrogen Purity with Time When 
No Vacuum is Used 


Let us now calculate the purity as a function of 
time for test conditions. For this purpose the solubil- 
ities of hydrogen and air in the bearing oil should be 
known. These data are not available and therefore 
it is assumed that the values are not greatly different 
from those obtained by Rodman and Maude®) for 
transformer oil. Their values are given in Table II 
together .with some values for water, which are 
taken from the Smithsonian Physical Tables. The 
air solubilities in oil, as given in Table II, are calcu- 
lated as follows: | 

One c.c. of oil in equilibrium with air (79 per cent 
N: and 21 per cent O, by volume) at 80 deg. C. will 
have dissolved in it 


0.79 X0.119 =0.094 c.c. of N, 
plus 

0.210.193 =0.041 c.c. of O, 
which is equivalent to 0.135 c.c. of air 


(D “A Short Table of Integrals," by B. O. Peirce, Ginn € Co., N. Y. 
(3) Trans. Am. Electrochem. Soc., 1925, p. 82. 
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For our example we now have 
Z,=0.92, initial purity of hydrogen in drum. 
V=11 cu. ft. | 
QO, =0.54 gal. per min. = 4.3 cu. ft. per hr. Equa- 
tion (36). 
Q:=0.75 gal. per min. =6.0 cu. ft. per hr. Equa- 
tion (31). 


H =0.089 c.c. of hydrogen in 1 c.c. of oil at 80 
deg. C. (Table II). 

A =0.135 c.c. of air in 1 c.c. of oil at 80 deg. C. 
Equation (51). 


QQ: _43X60_,,cu ft 
Qı+Q: 4.3+6.0 hr. 

HQ, Q: _0:089X2.5 _ 6 0909 1 

V (0,+0») 11 hr. 

H 0.089 : 
al ae te TS i 
A 73 numenc 
P E La 0.323 numeric 
on H  0.92+1.93 ` 

°' A-H 


t=time in hours to make exponent a numeric. 
Substituting these values in Equation (50) we have 


0.323 ` 0-0202 £ 
1 — 0.323 67 °-0702 


The values of purity calculated from this equation 
are given in Fig. 10. 

In practice we are principally concerned with the 
initial rate of purity decrease, since the purity in the 
machine must not be allowed to fall much below 
90 per cent. Let us therefore compare the observed 
initial net rate at which air is being carried into the 
drum with the calculated value. The initial net 
inward air leakage is seen from Fig. 9 to be, 


Qı y- Qı A (1-Z,)-q (1-Z,) 
Here Z, is the value of z at the time ¿=0. 
Substituting the initial values of y and q from 
Equations (45) and (46) in (53) we obtain 
Z, Qı Q: 
Qı +Q: 


for the initial inward air leakage. 


z=1.93X (52) 


(53) 


(H+Z,(A—H)) (54) 


Substituting the numerical values we obtain 


0.92 X 2.5 X (0.089 + 0.92 X 0.046) (55) 
= 0.301 cu. ft. per hr. g 


A comparison of this value with that of the test, 
given in Equation (38), shows that the effect is of the 
right order of magnitude. ; 
This example is of course an upper limit since 
we assume that the oil is sufficiently finely subdivided 
when it is whipped off the shaft to allow complete 
equilibrium to be obtained during the short time 
that the oil remains in contact with the hydrogen 
in the drum. The further assumption is made that 
the solubilities in the turbine bearing oil used are 


526 November, 1927 
the same as those for the transil oil investigated by 
Rodman and Maude. ® 

The initial net rate at which hydrogen is being 
carried out of the drum is seen to be 


q Zot+Qi H Zo— Qı x (56) 


Substituting the values of x and q from Equations 
(44) and (46) in (56) we obtain 


Zo Qi Qe 
Q1+0Qs 


which is the same as Equation (54). In other words, 
the inward leakage of air is equal to the outward 
leakage of hydrogen. 

The small outward leakage of hydrogen is evidently 
unimportant; but the inward leakage of air means 
that a rather large amount of hydrogen will have to 
be wasted in the scavenging process required to 
maintain a reasonable degree of purity in the machine. 


(H+Z,(A—H)) (57) 


Scavenging Inward Air Leakage 

If the inward leakage of air is a cu. ft. per hr. 
- and we wish to maintain a hydrogen purity of z in the 
machine, enough fresh hydrogen (1.e., q, cu. ft. per 
hr.) from our supply having a hydrogen purity S must 
be added to the ingoing air to make the ingoing mix- 
ture have the desired degree of purity z. 


Thus Sq, 
A E 58 
qsta a 
from which we obtain 
qs 2 
a S=z (59) 


as the required ratio of fresh hydrogen to air leakage 
to maintain a hydrogen purity of z in the machine. 
For example, if we require that the machine purity, 
2=0.95 hydrogen and our hydrogen supply purity, 
S =0.97 hydrogen, the scavenging ratio will be 
qs 2 95 
a S—z 97-95 oe 

From Equation (38) the inward air leakage found 
for one seal of 12-in. diameter running at 3000 r.p.m. 
is 0.24 cu. ft. per hr., so for two seals there would have 
to be supplied 


0.48 X 47.5 = 22.8 cu. ft. per hr. 


of fresh hydrogen to the system. 

Assuming that commercial hydrogen costs 0.3 
cents per cu. ft., the hourly charge for scavenging 
would be 


(60) 


(61) 


0.3 X 22.8 = 6.85 cents per hr. (62) 
We may compare this with the value of the saving 
. due to the reduction of the windage loss when hydro- 
gen 1s used, as follows: 

Machine rating = 30,000 kw. 

Windage loss of 0.9 per cent =270 kw. 

Cost of power at shaft =0.15 cents per kw-hr. 

Saving due to H: =40.5 cents per hr. 

Cost of scavenging H, = 6.85 cents per hr. 
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Thus it appears that the cost of the hydrogen 
would be appreciable compared with the possible 
saving. For this and other reasons it becomes desir- 
able to eliminate as far as possible all leakage of air 
into the hydrogen system. To accomplish this the 
oil leaving the air-detraining tank is vacuum treated 
before being pumped to the gravity feed tank. 


Tests on Seal No. 1 with Vacuum Treating System 

The set-up for this test is shown in Fig. 11. The 
oil containing principally air from the air-detraining 
tank is sprayed into the vacuum-treating tank, 
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Arrangement of Apparatus for Tests on Seal 
No. 1 with Vacuum Treating System 


which is about the size of an ordinary barrel. Here 
the dissolved gases are readily given up from the 
fine spray. It is practically necessary to use a spray, 
or some other method of finely dividing the oil in 
the vacuum tank, otherwise an excessively long time 
is required for the oil to give up the dissolved gas 
by diffusion of the gas to the surface. A vacuum of 
about 1/60 of an atmosphere is easily maintained 
by a small, laboratory, rough-vacuum pump of 
the rotary sliding-vane type. The oil flows by 
gravity from the bottom of this tank to a small 
plunger pump which discharges a portion of it into 
the gravity feed tank, the remainder being bypassed 
back into the vacuum tank through the spray nozzle. 
This recirculation is for the purpose of further stim- 
ulating the liberation of the dissolved gas. A board 
is floated on the surface of the oil in the gravity feed 
tank to prevent reabsorption of air as well as the 
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evolution of the hydrogen dissolved in the oil coming 
from the hydrogen detrainer. 

If this system is to be applied to high-pressure seals 
it may be desirable to have a duplicate vacuum-treat- 
ing system on the hydrogen side, to recover the 
dissolved hydrogen from the oil and discharge it 
back into the machine, thereby eliminating all loss 
of hydrogen. In the present case this did not seem 
warranted because the loss, as calculated in Equa- 
tion (56), is practically negligible. 

A test of practically four days of intermittent 
running and stopping gave the following data on the 
average initial rates of leakage of air into the 
machine: 


Seal stationary = 0.004 cu. ft. per hr. 


Seal running =0.01 cu. ft. per hr. (63) 
(3000 r.p.m.) 
QA or He Lin Qr PA or Air 


VACUUM 
Qr A(I-P) oF air 
PUMPED OUT 


y S or He 
Y3 (1-S)oram 


QA OF AR. 


Fig. 12. Conditions Existing in Vacuum System of Seal No. 1 
When a Good Vacuum is Employed 


The initial rates of outward leakage of hydrogen: 


Seal stationary = 0.025 cu. ft. per hr. 


=0.25 cu. ft. per hr. (64) 


Seal running 
(3000 r.p.m.) 


These values are seen to be entirely satisfactory. 
It will be seen from the calculations in the next 
section that none of the runs were continued long 
enough to reach the final equilibrium values. The 
theory had not been fully worked out at the time 
the tests were made and it was therefore not realized 
what a relatively long time is required to reach the 
equilibrium conditions even with the small gas volume 
involved. 


THEORY OF THE VACUUM TREATING SYSTEMS 


Vacuum System No. 1 

In the vacuum system, excepting the case of very 
poor vacuums, the oil carries more gas out of the 
drum than it brings in. It is therefore necessary to 
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supply fresh hydrogen from an external source to 
hold the desired constant pressure in the drum. Let 


q, = Number of c.c. of gas per second being sup- 
plied to the drum of purity S. | 
S = Proportion of hydrogen in gas supply. 
1—S=Proportion of air in gas supply. 
P=Pressure maintained in vacuum tank in 
atmospheres. 


The other symbols are as given on page 523. 
Referring to Fig. 12, we have that the rate of 
decrease of purity times the system volume is equal 
to the instantaneous net rate of loss of hydrogen 
from the system or, 
dz 3 
Ye q ete 4s S=Q1 x) (65) 
At the gravity feed tank the ingoing and outgoing 
values of hydrogen are equal 


Qı 
= H 66 
Rs dd 
and similarly the air values are equal 
Qı Q: 
= A (1- RA 67 
oo oa. ea 


The constant pressure condition in the drum gives 
Qi (x+y) +9;—-Q: Hz—-QiA (1—z) =0 


Substituting Equations (66) and (67) in (68) we 
obtain 


(68) 


_ QQ 


a H-A A(1-P 69 
q 040, )2+A (1-P)) (69) 
Substituting Equations (69) and (66) in (65) we obtain 
dz Qı Qə 


a vito) WE S(H—A)]2-SA(1—P)) (70) 
This equation may be readily solved with the help 
of Byerlys’® key to the solution of differential 
equations. To determine the integration constant 
we have z=Z, when t=0. We thus arrive at the 
solution 


bee SA (1—P) ~ 0101 (H-S (H-A)! 
s= [z HG oA) e V (Q:+0:) 
SA (1—P) E 
M (1 
Po, (H — A) a 


Equation (71) shows that after a long time the tran- 
sient term disappears and a steady equilibrium value 
of purity is reached. In other words, when t= ~we 
have 

SA (1—P) 


” H-S (H—A) ue 


(9)''Integral Calculus,” by W. E. Byerly, Ginn & Co., 2d Edition, 


p. 312, Method (4), p. 330. 
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The left-hand portion of Table III contains the 
values of z and q, as calculated from Equations (71) 
and (69) for the following assumed conditions: 

S=0.97, hydrogen purity of supply. 
Z,=0.97, initial hydrogen purity in machine. 
V = 34 cu. ft. 
O,=Q2=7 cu. ft. per hr. oil flow. 
H=0.089, solubility of hydrogen in oil at SO 
deg. C. 
A =0.135, solubility of air in oil at 80 deg. C. 

The high-vacuum values are plotted in Fig. 13. 
It is interesting to observe that the vacuum system 
may actually produce a higher purity in the machine 


GENERAL ELECTRIC REVIEW 


Vol. 30, No. 11 


These equations are the same as those already given 
for the case in which no vacuum was employed, except 
for the addition of the necessary terms to bring in the 
effect of the vacuum. 

Substituting Equations (75) and (76) in (74) we 
obtain 


Qi Qe 
-Q+0» 
Substituting Equations (77) and (75) in (73) we 
obtain 
z T Qı Q: 
di V (Qı+Q:) 


{(A-H) 2—A (1-P)) 


([H-A (1-P)]2+(A-H) 22) (73) 


TABLE III 


VALUES CALCULATED FROM EQUATIONS (71) AND (69) 


VALUES CALCULATED 
FROM EQUATIONS 
(49) AND (77) 


30-in. 29. .5-in. 29-in. 28-in. 15-in. 10-in. 6-in. O. 6-in 0-i 
y e Pe oo nn Pon Poum pe a Vacuum o a 
= =(0.0167 =().0:33 =0.0667 =0..) = 0.667 =0.8 a? =(0.8 
Atmos Atmos. Atmos. Atmos. Atmos. Atmos. Atmos. P =1 Atmos. Atmos P=1 Atmos. 
Time | hae A me ee ay a a E a S ee a 
$ Šup: Sup- Sup- | 
Hours Supply ply Supply ply py Supply Supply Supply Vent Vent 
Pur- | Cu. Ft| purity (Cu. Ft| Pur- (Cu. Pt.) Pur- Pe Pur- n | Pur- [Cu Pur- | Cu. Ft.) Purit Zu. Ft.| Pur- | Cu. Ft. | Pur- | Cu. Ft 
ity | Per unity | Per | ity | Per | ity | po | ity | pep | ity | Per | ity Per unity | Per | ity | Per | ity Per 
Hour Hour our Hr H Hour Hour Hour Hour Hour 
t s q z qs z qs S qs s gs z qs S qs Z qs S Q 3 q 
O 10.970) 0.3170 ¡0.970 ¡0.3090 0.970 10.3000 sida 0.283 '0.970 pe .080 (0.970 ¡(0.0012 ¡0.970 | —0.061 | 0.970 | —0.156 (0.970 | +0.061 0.970 +0.1:36 
| 
10 |0.971! 0.3165 | 0.9692 [0.3091 0.967 [0.3003 10.963 |0.286 y 908 0.090 0. 887 |0.0142 ¡0.871 | —0.045 | 0.845 | —0.136 0.870 | +0.045 '0.847 | +0.136 
| 
20 0.973 | 0.3163 | 0.9686 ¡0.3092 10.965 (0.3007 0.957 ¡0.287 10.855 10.098 o. 815 P .026 |C.784 | — 0.031 | 0.738 ¡-—0.119 0.783 | +0.031 10.740 | +0.119 
30 10.974 i 0.3162 | 0.9680 [0.3093 pan 0.3010 ¡0.951 |0.2878'0.808 |0.106 ae lai 0.708 | ~0.019 | 0.642 | —0.104 0.710) +0.019 10.657 | +0.106 
40 |0.975| 0.3160 | 0.9675 10.3094 ¡0.961 |0.3012 (0.947 (0.288 |0.767 |0.112 |0.697 ,0.045 (0.642 | —0.008 | 0.560 | —0.090 [0.648 | +0.009 0.582 | +0.094 
50 10.976 | 0.3158 | 0.9670 [0.3095 ¡0.959 (0.3017 |0.943 ¡0.289 10.732 0.118 0.649 |0.052 10.586] 0. 0.488 | —0.079 0.586) 0.0 |0.520!+0.084 
100 (0.978 | 0.3155 | 0.9655 ¡0.3096 [0.954 |0.3026 0923 e .291 10.611 10.137 0.487 10.079 10.391 | +0.032 | 0.244 |-—0.039 0.386 | — 0.032 ¡0.297 | +0.048 
200 10.980 | 0.3152 | 0.9644 10.3098 o .950 |0.30:32 0.919 0.293 0.521 Salag 0.365 ¡0.098 10.246 | +0.055 | 0.0621 | —0.010 0.177 | —0.066 |0.109 | +0.0176 
%œ  |0.981| 0.3150 | 0.9640 |0.3100 PeR 0.3034 (0.915 ae 0.490 ga 0.324 10.105 |0.196 ; +0.063 | O 0 0 —0.095 9 0 


than that corresponding to the purity of the supply. 
Thus the vacuum system is self-purifying. The linear 
relation between vacuum and the equilibrium purity is 
shown in Fig. 14. 

When consideration is given to the racial 
values (1.e., below the vacuum correspond- 
ing to 10 in. Hg.) in Table III, it is observed 
that values of q, obtained from Equations 
(71) and (69) become negative. This means 
that in order to hold constant pressure in the machine 
it is necessary to let the gas out of the drum rather 
than supplying it; and the equations cease to be true: 

When it becomes necessary to vent gas from the 
drum to maintain constant pressure, the following 
appropriate equations are readily obtained by inspec- 
tion of Fig. 15: 


VES O, z+qz— Qı x (73) 
dt 
Qı +01 y-q-Q, Hz—Qı A (1-2)=0 (74) 
x (QitQ2) =Q, Hz (75) 
y (QA +Q2) =O, A 1-2) +Q2 PA (76) 


H- nz 


Integrating by Peirce” Equation 68 and determining 
the integration constant from the condition that 
z=Z, when t=0 we obtain 


Qı Q: 
ATA e— Vi +0y OA Pa 
j= A H=AL=F) 
A—H 
Qi O: 
O ee ero o tae 
7 PM o H-A(-P) (1-P) 
A= 


This Equation, like (71), holds only for positive 
values of q. 

In the right-hand part of Table III we have 
calculated the values of z and q from Equations (79) 
and (77) for the two low-vacuum values. Inspection 
of the table shows that for the 6-in. vacuum Equa- 
tions (77) and (79) hold from t=0 to t=50 hours; 
but from t=50 hours to t= othe flow is inward, 
and Equations (69) and (71) apply. 

For the 0-in. vacuum (1.e., atmospheric pressure) 
we see that q, 1s negative for all values of time and 
therefore the equations from which it was calculated 
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do not apply. The correct values of purity (z) and 
vent (q) are those in the last two columns. 


Vacuum System No. 2 
In certain applications of the vacuum type of liquid 
film seal the system illustrated diagrammatically in 
Fig. 16 is more convenient, because fewer pumps and 
tanks are required and a simpler system of automatic 

control results. For positive values of q, we have 
2A o „dz 


A Hz—q, S (80) 


=Q; ae z+A (1—P)] 


Ai | tl 


FINAL an ma H 
FINAL Q,*0.31 CUFT PER HR. 
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= 
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FINALVALUE = 
FINAL, "0.30301 FT. PER HÄ. 


PERCENT HYDROGEN 


ER 
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Fig. 13. Effect of Vacuum on Transient and Final 
Values of Purity 
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ROGER 
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VACUUM IN INCHESOF MERCURY 
Fig. 14. Effect of Vacuum on Final Hydrogen Purity 


Substituting Equation (81) in (80) we obtain 
: {[H-S (H-A)]z—SA (1—P)} (82) 


This is the same as Equation (70) except for the 
constant multiplying factor; hence the solution is 


SA (1—P) 
d {26+ 5 (HA) 
SA (1—P) 
H—S (H-—A) 
A comparison of the two systems shows that the 
final equilibrium values are the same and, if Q,=0,, 


Qı 
ev [H -S (H- A). 


T (83) 
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twice the amount of supply hydrogen is required. 
Since scavenging is not required with either of the 
vacuum systems, the small hydrogen feed is negli- 
gible in either case. 


Double-feed-groove Type of Liquid Film Seal 

During the progress of the development of the 
seal it became evident that, for certain applications. 
a simpler sealing system would result if the oil which 


VACUUM 
Qe A(1-P) oF ar 
PUMPEO OUT 


Yao he 
4-3) of Are 


Qg A or Ain 


Fig. 15. Conditions Existing in Vacuum System of Seal No. 1 
When a Poor Vacuum is Used 
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VACUUM 
Ca, + Q2) A(1-P) 
OF AR PUMPED 

our. 


q (1-3) or Ar 


Q, A(I- 3) 

OF AIR 

Fig. 16. Vacuum System No. 2 Which Gives a Simpler 
System of Automatic Control 


(Q,+Q,)A 


flowed into the hydrogen atmosphere could be kept 
separate from that which flowed out on the air side 
by using separate, but adjacent, feed grooves for 
the hydrogen and air sides. This would eliminate the 
need of a continuous vacuum-treating process. Some 
small-scale tests kindly made by E. G. Gilson indi- 
cated that the method was feasible. 

Fig. 17 shows how the double-groove system was 
arranged for the full-scale tests. Oil from the release 
groove and oil-catching mechanism on the hydrogen 
side flows, as before, into the closed detraining 
tank, where the bubbles are liberated. The “solid” 
oil from the bottom of this tank is then pumped 
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into the closed gravity feed tank, which supplies 
the oil to the annular feed groove nearest the hydrogen 
side. A similar system supplies oil to the adjacent 
groove on the air side. The pressures on the feed 
grooves are adjusted by means of valves V; and Vz 
so that there is practically no tendency for an exchange 
of oil between the two sides. This balanced pressure 
condition is automatically maintained by a large 
float located for convenience in the air detrainer. A 
slight increase of oil in the air detrainer raises the 
float, which in turn throttles the feed to the hydro- 
gen side, thereby allowing more oil to flow from the 
air side to the hydrogen side and vice versa. 

If in practice it is desired to force a slight flow 
towards the air side to prevent any trace of air- 
saturated oil from passing into the drum, such as 
might be due to diffusion through the liquid film, 
etc., a small bleeder may be put on the air detrainer. 
The resulting small loss of oil from the hydrogen 
side could be made up from time to time from a supply 
of vacuum-treated or hydrogen-saturated oil. The 
bleeding process was not used during the tests which 
are reported. 

The necessary changes in Seal No. 1 were made by 
undercutting the old groove and filling it with bab- 
bitt. Two new grooves 1 in. wide by 2 in. deep were 
then machined into the babbitt, leaving 14 in. of 
metal separating the two grooves. This left the 
sealing length and clearance the same as before the 
change. Some additional release groove depth was 
obtained by rounding out the bottom of the old 
grooves. Seven g-in. drain holes were drilled as 
nearly as possible in a tangential direction, between 
the old radial holes, to facilitate the oil release. Some 
previous observations of the flow of oil out of the 
release holes indicated that it would be preferable 
to remove the oil by tangential holes. A more nearly 
ideal condition would result from the use of a series 
of curved vanes (2.e., changing from tangential 
to radial) which would remove the oil with the mini- 
mum shock and therefore reduce the amount of fine 
oil mist produced. 

A series of tests with hydrogen gave the following 
approximate values for the initial rates of inward air 
leakage: 

Seal stationary = 0.003 cu. ft. per hr. 


Seal running— 


1000 r.p.m. =0.003 cu. ft. per hr. 
2500 r.p.m. =0.03 cu. ft. per hr. 
3000 r.p. m. =0.04 cu. ft. per hr. 
4000 r.p.m. =0.06 cu. ft. per hr. 


Under ideal conditions, the double-groove type 
of seal should reach a steady state condition in which 
there was no inward air leakage. This equilibrium 
condition should be reached after a certain amount 
of scavenging has brought the oil on the hydrogen 
side, from the initial air-saturated condition, into 
equilibrium with the purity of the hydrogen supply. 
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It is possible that there may be a small, rapidly- 
alternating transfer of oil through the constriction 
between the two feed grooves due to turbulence. An 
alternating cross-flow of this kind would carry a small 
amount of air-saturated oil into the hydrogen feed 
groove and on the next half-cycle an equal amount 
of hydrogen-saturated oil would be transferred into the 
air side feed groove. An effect of this kind would of 
course not appear in the detrainer levels. 
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Fig. 17. Double Feed Groove Type of Liquid Film Seal 


The question as to whether the inward air leakages 
mentioned were due in part to such an effect was 
not considered sufficiently important to require 
further study at the time, since the performance of 
the seal is entirely satisfactory from a practical 
point of view. 


Conclusion 

A liquid-film seal of the vacuum or double-groove 
type using oil constitutes a rugged, gas-tight seal 
for high-speed machinery. 
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Proximity Effect in Groups of Round Wires 


Formulas to Determine Division of Current—Impedance Drop— Watts Loss—Five Types of 
Conductor Grouping with Examples 


By PROF. H. B. DWIGHT 
Department of Electrical Engineering, Massachusetts Institute of Technology 


PRACTICAL application 
A of proximity-effect calcu- 

lations as outlined in this 
article occurs in the design of 
large power houses where it 1s 
required to conduct heavy cur- 
rents from the generators to the 
transformers. Three or four cables 
of large size are often required for 
each phase. The cables are usually 
mounted in a tunnel, where lead 
sheaths are not required. If such 
sheaths were used, a somewhat 
different method of calculation 
would have to be used. Typical 
groupings of cables are shown in 
Figs. 3 to 5. A spacing of 3 or 4 
in. between cables of the same phase is used to secure 
better ventilation. 

The calculations in this article are most closely 
applicable to round wires. However, they can be 
used with considerable accuracy for cables which do 
not have rope cores and, with somewhat less accu- 
racy, for cables with rope cores. While the use of 
a rope core reduces the eddy-current loss in an iso- 
lated cable, it does not prevent the large circulating 
currents between cables indicated in the examples 
here given. Such losses can be reduced by rotation 
of the individual phase groups. For instance, the 
losses in Example III can be reduced nearly to those 
in Example IV by this means. 

Proximity effect losses are usually negligible in 
overhead lines or where the cables are smaller than 
about one million cir. mils with a frequency of 60 
cycles. 

The watts loss in a group of round wires carrying 
alternating current, t.e., the proximity effect in the 
wires, is best found by first obtaining expressions 
for the current distribution in the wires. Formulas 
can then be derived for the watts loss. Such formulas 
were presented™ in 1923 for three wires carrying 
three-phase current, the method then described being 
applicable to a group of parallel round wires where 
the magnitude of the current in each wire was known 
in advance. 

In the present article, additional calculations are 
described, which are needed for groups of wires 


(1) Proximity Effect gu, Ne and Thin Tubes,” by H. B. Dwight, 


Trans. A.I.E.E., 1923, p. 


Probably no other branch of 
engineering has depended so much 
on advanced mathematics for 1ts 
development as has that concerned 
with alternating current. Were it 
not for the pioneer services of the 
mathematician, many of the work- 


ings of alternating current that 
today appear quite simple would 
indeed be perplexing puzzles. Thus 
it is often through such analyses 
as the one here given that the 
working formulas of the designing 
engineer are derived.—EDITOR 


where unknown inequalities of 
current exist in the different 
wires, as in the case of four wires 
in a plane connected in parallel. 
In such a case the outer wires 
carry more current than the inner 
ones, and the amount must be 
determined by a special proximity 
effect calculation. By means of 
these additional calculations, it 
is now possible to calulate the 
watts loss for any group of parallel 
round wires, though the amount 
of work is large for complicated 
groupings. 

The current density in a 
single isolated round wire is 
given by the following: 


; = 2 jaa Jo (jar) (1) 
“rat 2 Jı Gaa) 


where r and 0 are the polar co-ordinates of any point 
in the section of the wire, 


I,=total current in the wire 
a =radius of the wire 


un 
a= 
o 


w = 27 X frequency 


g =resistivitv 

j=vV-1 
J. (ar) isa Bessel function of the first kind, zero order 
and argument (jar). It can be expressed as an alge- 
braical series, but for most problems it can be taken 
from tables in which J, (bj Vi) =4.+j v. 

The expression just given for the current density 
in an isolated wire has been known from the time of 
Maxwell. It is based on the fact that the impedance 
drops at every section of the wire are equal. 

It has been shown by Manneback ® that a current 
I, flowing in an infinitesimal wire will cause a cir- 
culating current to flow in any adjacent wire of radius 
a, in which the current density will be 


m=O 


a” J, (jar) i 
O 


n=1 


. I. ; 
tire) =; JQ 
to) = a? J 


(2)''An Integral Equation for Skin Effect in Parallel Conductors,” by 
Charles Manneback, Jour. Muth. and Physics, April, 1922, Eq. (19). 


532 November, 1927 


where s is the axial distance of the two wires and where 
J, represents a Bessel function of the first kind and 
order 1. (See Fig. 1.) 

This expression, as Manneback's paper shows, 1s 
based on the fact that the impedance drops at every 
section of the wire of radius a are equal. 


2r 
f cs n0d0=0 


the net total of the circulating current when added 
up over the section of the wire is zero. Equation (2) 
can therefore be added to Equation (1). The 1m- 
pedance drops at every point of the section are still 
equal, the total current in the wire of radius a is Í,, 
and the current in the small wire is J}. In a similar 
manner, the density due to another concentrated cur- 
rent Jj may be added, and so on. 

Now if two or more wires are in parallel, and if the 
ratio of I, to I: is unknown, it is desired to find the 
voltage drop in each wire in terms of the letters J, and 
I. These voltage drops can then be equated since 
the wires are in parallel. 

The simplest expression to derive is that for the 
drop in the central filament of the wire. This is of 
course equal to the drop in any other filament. Taking 
the case of Fig. 1, the resistance drop in the central 
filament is 1,0 where 1, is the current density at the 
the center. From Equations (1) and (2) this is equal to 


Since 


(3) 


L 


Tra? 


aa 
127, (jaa) 


since J, (0) =1 and J, (0) =O where n #0. The re- 
active drop in the central filament due to the con- 
centrated current I, taking into account flux up to a 
certain large distance p, 1s 


(4) 


jw 2 I logh p (5) 
S 
where logh denotes the hyperbolic or natural loga- 
rithm. 
The reactive drop in the central filament due to the 
element of current te) r d6 dr is 


yw 2 Too) (toh 2) r de dr 
r 


= jog Y 192 Jo Uar) (logh P) r de dr 
ma 2 Jı(jaa) r 


Lo So Ja Gar) 
mir a SJ, (jaca) 


from Equations (1) and (2). To find the reactive 
drop due to the entire current /,, this expression should 
be integrated from 0=0 to 27 and from r=0 to a. 
The integral of the second member of the right-hand 
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side of the equation is 0, and that of the first mem- 
ber of the right-hand side, integrating by parts, is 
Lg jaa J, (jaa) p Lo _ jaa 

2 Ji (aa) ra? 2J, (jaa) 


The impedance drop in the wire of radius a, Fig. 1, 
is the sum of Expressions (4), (5) and (6), and is 


+jw2I, logh © (6) 


ma? 


Iie jaa J, (jaa) 


p.. P ys 
logh - logh * 
ma 2], Guay og atl ed og : (7) 


Suppose now that in a group of several wires, there 
is a current J; in wire A, and a current density 


D jaa Ja (jar) 
qa? 2 J; (aa) 


+ > M, J. (jeer) cos 18 


1 (ra) = 


In another wire, B, let there be a total current I: and 
a current density 


I 
Tuy) = = ee > Jn (au) cos n y 


Tra? 2 Ji Ga ae 
l 
I: 

/N $ 

i 

l 

i 
i] l 
r-a-4 

Fig. 1. Finite Wire and Infinitesimal Wire 


M, and N, are expressions involving the unknown 
currents f,, J2, etc., and dimensions of the circuit. 
The foregoing expressions are of the usual form for 
current density in proximity effect problems involving 
round wires. See Equation (30), Footnote (1). 

The impedance drop in wire A due to its own cur- 
rent is the sum of Expressions (4) and (6) since the 
integral of the term involving M, over the section 
of the wire is zero by Equation (3). 

The impedance drop in A due to current in B is 


a 2r I ; ; 
off A Er (iogh 2) u dy au 
o Jo q 


wa? 2 J; (aa) 


a an TE . 
+iuz || f > Nan Gau) cos n (logh Pu dra 
0/0 pl q 


The distance q in Fig. 2 1s the distance from the 
element of area u dy du to the center of A. 


Now by Equation (17), Footnote (1), 


logh l 
S 


7 2 
=-— k cos y + cos 21+ ++ 
s 237 


n 


u 
+ 
ns 


- COS nyt... (8) 


PROXIMITY EFFECT IN GROUPS OF ROUND WIRES 


Note that 
f " cos? ny dy =T (9) 
O - 
The terms of the product of the two series which 
have any other form than cos? ny become zero when 
integrated over the cross-section. The impedance 
drop in A due to current in B is 


n= 0 


J w 2 I logh Phi 2 > N, 1a? Jn+1 Gaa) (10) 
S = nS, jaa 


The impedance drop in A due to all the currents 
is found, and then the impedance drop in B and in 
as many wires as there are unknown currents Jı, I>, 
etc. These drops can be equated and thus the ratios 


Fig. 2. 
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Fig. 3. Four Wires Per Phase on Square, Phase in Plane 


of J, Iz, etc. to the total current can be found. Having 
found these ratios, the loss in each wire can be 
computed. 

The complete algebraical expressions for one case 
will now be given. 


Four Wires Per Phase on Square, Phases in Plane (Fig. 3) 
Calculation for the center phase. The outer phases 
are assumed to be concentrated at points. 
All Bessel functions have the argument 


; . m . yr Arado 
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[tan COs 


, —k LA 
+ (Fi — Ar”) sin CA, (5) | 


k = 


G'=> 7 


kal 


(n—k) Tt 
4 


a Je} PERE 
"+7, Ml jk 


(n—k)r 
4 


[c4.- F,,) sin -———~— 


—k 1 ds 
Pie rie COs ar) | 


C,, C,’, H,, and H,’ are given by the same for- 
mulas as B,, B,,’, G, and G,’, except change A to B 


and F to G, and so on. 
My = An +B, + Cn Hetet 
Mi = Ar PBe eye ees 
Ny = Fae +6, HA + 0 0: 
Na "Pat O aig AS 


Impedance Drop in Wire No. 1 
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Impedance Drop in Wire No. 2 
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n =% 
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Equate these two voltage drops, and find the 
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ratio a- 
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Loss in Wire No. 2 
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Example 1 


Size of conductors 1,700,000 cir. mils. 

Conductors have no lead sheaths. s=3.6 in. 

Distance between outer and middle phases, 29 in. 
center to center. 

Frequency, 60 cycles. 

Central phase conductors. 
lating current. ) 

Loss in Wire No. 1=150 per cent. 

Loss in Wire No, 2=137 per cent. 

Loss in each wire with direct current of the same 
total amperage for each group of four wires= 
100 per cent. 


(Have greatest circu- 


While it has been shown by test that the additional 
loss in an isolated cable is very nearly the same as 
that for a wire, for moderate increases in loss, it is 
possible that the spirality of the cables may make 
the proximity effect loss less than in the case of wires. 


PROXIMITY EFFECT IN GROUPS OF ROUND WIRES 


It is to be noted that for cables a value of ø is not 
O 
used, but a value of cat equal to the resistance per 


unit length of cable, which can be readily computed. 


Four Wires Per Phase in Plane, Phases on Triangle (Fig. 4) 
Example II 


Size of conductors, 1,700,000 cir. mils. 

Conductors have no lead sheaths. s=3.6 in. 

Distance between phases A and B, 30 in. center to 
center. 

Frequency, 60 cycles. 

Central phase conductors. (Have greatest circulat- 
ing current.) 


Fig. 4. Four Wires Per Phase in Plane, 
Phases on Triangle 


O O O 
O O 


Four Wires Per Phase on Square, Phases 
on Equilateral Triangle 


Fig. 5. 


There are four different unknown currents in this 
problem. 
Loss in wires: No. 1, 238 per cent; No. 2, 63 per 
cent; No. 3, 64 per cent; No. 4, 215 per cent. 
Loss in each wire with direct current of the same 
total amperage for each group of four wires = 
100 per cent. 


Four Wires Per Phase on Square, Phases on Equilateral 
Triangle (Fig. 5) 


Example III 


Size of conductors, 1,700,000 cir. mils. 

Conductors have no lead sheaths. s=3.6 in. 

Distance between phases, 18 in., center to center. 

Frequency, 60 cycles. 

There are four different unknown currents in this 
problem. 


The currents in two phases are assumed to be con- 
centrated. 


Loss in wires: No. 1, 103 per cent; No. 2, 97 per 
cent; No. 3, 185 per cent; No. 4, 202 per cent. 
Loss: In each wire with direct current of the same 
total amperage for each group of four wires=100 

per cent. 
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Where the conductors per phase are arranged at the 
corners of a square, the inequalities in their losses may 
be largely removed by rotating the phases at intervals. 
The losses then become nearly equal to those in an 
isolated group of four wires arranged on a square. 


Four Wires on Square, in Parallel (Fig. 6) 
Example IV 
Size of conductors, 1,700,000 cir. mils. 
Conductors have no lead sheaths. s=3.6 in. 
Frequency, 60 cycles. 
Loss = 139 per cent of the loss with direct current 
of the same amperage. 


O O 
P e 


b- s —) 


Fig. 6. Four Wires on Square, 
in Parallel 


O 


sal 


Three Wires on Equilateral Triangle, 
One Wire Per Phase 


Fig. 7. 


Three-phase Equilateral Triangular Spacing, One Wire Per 
Phase (Fig. 7) 

The following formulas apply to the case of three 
conductors arranged on an equilateral triangle, and 
carrying three-phase current. This is a correction 
of the formulas for this problem given in Footnote (1). 
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C, and H, have the same formulas as B, and G, 


except change Á to B and F to G, and so on. 
M,=A,+8,+C0,+:°°-° 


N, =F, +G +H, +> 


R' 1 

R, e 214,|? (tto Vo — Uo’ Vo) 
> { | M, P+ Ny 27 (Un Un Ta Un Un) 
n=1 


where R,=resistance to alternating current of one 
conductor when isolated. 
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Example V 
Three-conductor cable, 500,000 cir. mils. 
Frequency 60 cycles. 


Teon 
a 
, 
b= 1.4 — =1.053. 
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Some Factors in Roping Traction Elevators 


Sheave Grooving—Rope Tensions—Computation of Tension Ratio—Coefficient of Friction— 
Fitting of Rope to Groove—Rope Slippage 


By C. C. CLYMER 


Industrial Engineering Department, General Electric Company 


HE problem of suitable 
grooving and roping of ele- 
vator equipments is rather 

involved and its solution resolves 
-itself into a compromise between 
the several conditions to be met 
in a good design. The desired 
conditions are minimum sheave 
wear, maximum rope life, ample 
traction, and minimum noise and 
car vibration. 

The satisfying of any one of 
the conditions enumerated gener- 


Adequate lubrication 1s essen- 
tial where one metallic surface 
rubs upon another; but an excess 
of lubrication 1s sometimes more 
than a waste, as 1s here shown 
to be the case with the cables of 
traction elevators. This article 


also furnishes instructive infor- 


mation on matters of sheave 
grooving, coefficient of friction, 
and design calculation to assure 
maintenance of sufficient traction 


sheaves, viz.: U and V grooves. 
The U groove consists usually of 
a sector of a circle having a radius 
slightly larger than that of the 
rope; thus for a %g-in. rope: the 
groove should be from H in. to 33 
in. in diameter. The V groove, as 
the name implies, has a V-shaped 
cross-section. There are many 
modifications of the V, as shown 
in Fig. 1, since the angle formed 
by the straight sides of the groove 
may be anywhere between 30 deg. 


ally produces very unfavorable 
and unsatisfactory operating con- 
ditions for the others. Adequate 
traction is of prime importance, 
however, and must be provided regardless of the 
other conditions to be met. Inadequate traction 
means rope slippage in service, and rope slippage is 
objectionable for two reasons: first, it very seriously 
interferes with the proper operation of the car, as 
landings are made with considerable difficulty, result- 
ing in loss of time and reduced service; second, rope 
wear and sheave wear are increased, with an attendant 
increase in maintenance costs. 

Elevators of both the traction type and the drum 
type employ metallic rope in the hoisting equipment; 
but in this article consideration will be given chiefly 
to the former, which utilizes counterweighting. There 
are two types of grooving used on traction elevator 


under all operating conditions. 


and 40 deg., or the sides may be 
curved, the groove being formed 
by the intersection of two circles 
tangent to two parallel lines, in 
the case mentioned 1% in. apart. Another form is 
the undercut groove. 

It is not the purpose of the article to recommend 
one type of V grooving as being preferable to another 
since the angle and type of the V for any given case 
must depend on the class of service, the permissible 
rope tension, sheave diameter, and speed of rope 
travel involved. These factors must all be considered 
when laying out V grooves. 

Both V and U types of grooving have advantages 
and disadvantages. The advantage of the U groove 
lies in the quietness of operation made possible 
through its use, and its ease on hoisting ropes. The 
disadvantages lie in its low traction, a sufficient value 
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of which requiring what is termed the double 
wrap; t.e., the rope must pass from the car over 
the driving sheave, over the idler sheave, back to 
the driving sheave, and thence over the idler 
and down to the counterweight. This double 
wrap doubles the load on the main or driving 
sheave bearings. Also, the maximum torque avail- 
able with this groove is only slightly in excess of 
that actually required to accelerate and retard the 
loaded elevator. 

The main advantage of the V groove over the U 
groove lies in its increased traction, shorter ropes, 
and cheaper construction. The disadvantage lies 


in the probable reduction of rope life, as there : 


is a tendency for the rope to wedge in the groove. 
This wedging action tends to put a short reverse 
bend in the rope which results in crystallization. 
The strands of soft iron ropes are often cut due 
to the greatly increased pressure occasioned by 
the constriction in the V; therefore steel cables 
are more suitable for this type of grooving. The 
tendency of these grooves to be noisy is a further 
objection. Moreover, the necessity of using hard 


(a) Straight V 
Fig. 1. 


(b) Modified V 
Typical Grooves for Traction Elevator Sheaves 


(c) Undercut groove 


steel sheaves with V grooves is emphasized if 
sheave wear is to be kept within reason when 
steel rope is used. 

Divergent opinions are held regarding the use of 
these two types of grooves. V grooves have been used 
for elevators with velocities as high as 600 feet per 
minute but not with complete success in every in- 
stance. However, a canvass of wire rope manufac- 
turers brought a unanimous verdict in favor of U 
grooves; and elevator manufacturers in general favor 
the U groove. 

Traction-drive elevators are much in favor because 
of the increased factor of safety which they provide 
under certain emergency conditions. The additional 
safety is obtained through the loss of traction when 
either the cage or counterweights bottom on their 
respective buffers. It is this tendency to lose traction 
that causes difficulties under some normal operating 
conditions. 

The problem thus presented becomes a question 
involving the weight of cage, weight of live load, 
and weight of counterweight. These factors are all 
represented as rope tension; and the factor of interest 
is the permissible ratio of the tension in the rope on 
the cage side to the tension in the rope on the counter- 
weight side. 
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The mathematical solution of the problem for 
single-wrap drives is as follows (Fig. 2): 
Let u= coefficient of friction of the rope on the 
sheave 
P=the normal pressure between rope and 
sheave at any point 
To= total frictional resistance between rope and 
sheave 
7, = tension in ropes to cage 
T= tension in ropes to counterweight 
a = the angle, expressed in radians, subtendedat 
the center of the sheave bythe rope contact. 


Fig. 2. Arrangement of Cage, Counterweight, and 


Sheaves for a Single-wrap Drive 


Fig. 3. Elementary Diagram and Force Polygon for 
Calculating Elevator Traction 


Then, at the point of slipping, 


To=T,-T,= > pdP 


where dP is the pressure of the rope at any point on 
the sheave. 

We may now take a differential element of the 
sheave and construct the force diagram, as shown in 
Fig. 3. 

Thus T is the tension in the rope at this particular 
point, and dP is the force normal to the sheave; 
therefore, the differential change in rope tension at 
this point is udP =dT. 
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Taking T as the radius of a circle, we may state that, 


. .. are ab 
as the angle approaches zero as a limit, ———— = 1. 
chord ab 
Now arc ab=Tda=dP 
and pTda=dT 
L dT 
whence a = = 
Ts T 


as the tension in the rope varies between T, and T>. 
Tı 1 
Therefore pa=log — or ==e** 
H £ Es T; € 
This relation may also be expressed in terms of 
the logarithmetic base 10 and degrees, as 


T; mn 
logio = = 0.007578 pa 
T» 
where q@ is measured in degrees. 

The foregoing applies to single-wrap drives. When 
double-wrap drives are used the problem changes as 
follows, where a, a’, are the angles subtended by 
contact surfaces, and 7;, T», Ty are the tensions in 
the rope, as shown in Fig. 4: 


Ti _ ¿sa 
Ty 
Ta _ ¿so 
T? 
l E, "ow (ata’) 
Thus, ~ = yx 2 = 1X ht met (ate 
T, T,* T, € € € 


Hence it will be seen that offsetting the idler sheave 
to accommodate wide cars reduces the available 
traction because of the diminished contact surface, 
which gives a correspondingly decreased value of a. 

When V grooves are used the pressure against the 
side of the groove varies, the degree of variation 
depending, of course, on the angle of the groove. 
Thus, in Fig. 5, where P is the pressure normal to 
sheave shaft, Pp y 

P,=—x— 


. 6 
sin - 
2 


As there are two sides to the groove, the resultant 


pressure equals sin > P. 


An angle of 36 deg. is rather common between the 


: ; ‘ . 36° 
sides of the grooves; in which case, sin a =0.31, 


giving P,, = 3.225 P. i 
The formula for V grooves having an angle of 36 
deg. between the sides becomes, 


Ty 8225 pa 
T: 

So far nothing has been said about friction; and 
it is to be noticed that the actual area of contact 
does not appear in the formula. To be rigidly accurate, 
however, the area of contact should be considered, 
because the coefficient of friction is a function of the 
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unit pressure. The coefficient of friction required 
to drive an elevator is calculated as follows: 

The worst condition occurs with the maximum 
rate of acceleration. Assume a car of light construc- 
tion, with a capacity of 2500 lb., running at the rate 
of 600 ft. per min., for which 


Weight of car...................... 3800 tb 
Weight of load..................... 2500 Ib 
Tots Loira ois 6300 tb. 


Weight of counterweight =3800 +1000 =4800 fb. 

Assume further that the car comes up to speed in 
2.5 seconds, or with an average rate of acceleration 
of four feet per second per second. This, however, 
is not the maximum rate; because it is desired to 
ease into a given rate of acceleration and also out 
of it. We may therefore expect a maximum rate of 
twice this value, or eight feet per second per second. 


Counterwelght—=| | 


Fig. 4. Rope System for a Double-wrap Drive 


Thus, the value of fa after acceleration 1s completed 
6300 2 


S 4800 During maximum acceleration it becomes 
6300 X8 

630 ——- 

2004 (Sra) 105 
~ /4800x8 Ñ 3610 
4800 — (60028 ) 

32.2 
T 
Therefore, O ogee For an angle of 

Ts 3610 


contact (a) of 310 deg., 4=0.1438, from the formula 
given for use when the angle is expressed in degrees. 
The counterweighting being properly adjusted, the 
worst condition for slipping is found in installations 
where the empty car is of light weight compared to 
the load carried. It occurs when accelerating of 
retarding the maximum load. 

The effect of heavier construction is similarly 
shown as follows: 

Assume 2500 lb. to be the load on an elevator running 
at 600 ft. per min. for a high-grade installation, in which 


Weight of ‘Care sn oe ie ara 4800 fb 
Weight of load............oooooo.. 2500 Ib 
Total Cen ere owas ace Saket 7300 tb. 


Weight of counterweight = 4800 + 1000 = 5800 fb. 
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Assume as before a maximum acceleration of eight 
feet per second per second 


Tı 7300 : 
Thus, —=——, which is modified by acceleration 
Tə 5800 
Tı 9110 
to give Fae e”. Solving for an angle of 


310 deg., as before, gives u= 0.1365. 

It is apparent from the figures thus calculated 
that the counterweighting should be carefully deter- 
mined. There is also shown the danger of attempting 
to handle safes and heavy furniture without changing 
the counterweights. As a precautionary measure it 
is well to lower the car speed in order to reduce the 
effects of acceleration and retardation when handling 
excess loads. 

The coefficient of friction for different unit pressures 
is listed in Table I, which is taken from the Mechanical 
Engineer’s Handbook, by Lionel S. Marks. 


Pn 


P 


Fig. 5. Section of Rope in a V Groove, Showing the 
Directions and Points of Application of the 
Forces Involved 


A B 
Fig. 6. Sections of Rope in U Grooves, Showing the Effects of 
Relative Groove Size Upon the Distribution of Forces 


It is to be noted that with the higher pressures 
the coefficient of friction increases very greatly. The 
smaller the area of contact in a given case, the 
greater becomes the surface pressure and hence the 
higher the coefficient of friction. This, of course, 


does not hold with pressures that cause the surfaces 


to abrade. 

Arguments have been advanced to the effect that 
forming the U groove to the exact size of the rope 
would increase the traction. The fallacy of this argu- 
ment lies in the fact that such a condition can never 
be maintained. For instance, a °g-in. wire rope is 
generally slightly oversize when new, perhaps as 
much as 7; in. When it has performed about half its 
normal life of service it may be actually 5% in., or 
slightly under; and by the time it is worn out it 1s 
almost reduced to a ;-in. diameter. Therefore, a 


rope in a U groove maintains only one line of contact 
with the groove. The only alternate condition 1s the 
use of an undersize groove as shown by (A) in Fig. 6. 
There is no compromise when the rope does not fit 
the groove. | 

With new V grooves, the unit pressure is inevitably 
very high on account of the wedging action, and the 
coefficient of friction applying to higher unit pressures 
is then effective. The gain from this high friction 
value, however, is largely offset by a decrease in the 
life of the rope. These high unit pressures serve to 
adapt the form of the groove to the rope; and after a 
short time the area of contact is greatly increased, 
reducing the wedging action and wear on the rope, 
but with resultant loss of unit pressure, and lower 
maximum torque. A new rope in an old groove may 
thus be severely damaged before it is formed to the 


groove. 
TABLE I 


VALUES OF p 
Surface Pressure 


Lb. Per Sq. In. ee Aide Wea Steel on Cast Iron 
125 0.17 0.17 
186 0.28 0.30 
224 0.29 0.33 
260 0.32 0.34 
298 0.33 0.34 
336 0.33 0.35 
373 0.35 0.35 
390 0.36 0.35 
448 0.37 0.35 
485 0.37 0.36 
523 0.37 0.36 
560 0.37 0.36 
600 0.37 0.36 
634 0.37 0.37 
672 0.38 0.40 
710 0.43 Abraded 
784 Abraded Abraded 
820 Abraded Abraded 


As might be expected, the traction on a U groove 
is not noticeably affected by making the groove 
slightly larger than the rope, say 44 in. or % in. 
for 54-in. rope; if anything, the traction might be 
slightly increased by using the 34-in. groove rather 
than the 44-in. groove. In fact, the maximum avail- 
able torque would be slightly increased by using a 
perfectly flat sheave. Such an instance of line con- 
tact is a locomotive driver. Due to the pressures in- 
volved, the contact has appreciable width. The area 
obtained is due to pressure, however, and not to 
preformed machine parts; hence with locomotive 
drivers under favorable conditions the coefficient 
or friction reaches as high as 35 per cent, or twice 
as much as we may expect under ideal conditions 
on elevator sheaves. 

The values of the coefficient of friction given in 
Table I are based on the conditions presented by 
surfaces wiped with a slightly oiled cloth, in other 
words, practically dry. Should the surface be oiled, 
the coefficient of friction falls to 0.075 for unit pres- 
sures experienced in elevator service, and, as long 
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as the oil film is maintained, it diminishes with 
higher pressures, also. Therefore satisfactory elevator 
operation with greasy cables cannot be expected; 
and such will not be obtained. 

It is not always externally-applied grease which 
causes a serious loss of elevator traction. If a cable 
is laid up with too much grease in the hemp center 
and on the strands, this grease will work out when 
the cable is put under tension, and a condition un- 
suitable for elevator service is soon reached. The 
observance of proper precautionary measures by 
the cable manufacturers is not a complete solution, 
however, for many lavishly greased elevator cables 
appear to have received this abundant coating after 
installation. In any case, it is necessary to remove 
this excess lubrication if serious trouble is to be 
avoided. 

Gasoline should be used for washing the cables 
rather than kerosene, as the latter has a tendency 
to cause rust. It may be necessary to perform this 
operation several times to get the cables into a work- 
able condition. Chalk dust may be used to absorb 
the last trace of grease after cleaning with gasoline. 
The use of rosin should be avoided, for, while it is a 
temporary remedy, it has a tendency to cake and 
take a polish with a resultant further loss of traction. 
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It may at first appear that chalk dust is only 
a temporary remedy, but this is due to more grease 
working out; and this grease must all work out and 
be removed before conditions will be satisfactory. 
From the considerations given it will be seen that 
not every °¢-in. rope of the proper grade of steel and 
lay of wires will be satisfactory for traction elevator 
duty. For this duty the ropes must be laid up with 
just the right amount of lubricant, since too much 
or too little will result in shortened life. On winding- 
drum machines, of course, ropes may be used with 
as much grease as they will absorb; but traction 
machines are exceedingly sensitive to this condition. 

Investigation of a number of installations in which 
excessive slippage was encountered has shown that 
greasy cables were the real cause, although the slippage 
has been ascribed to a variety of other causes, such 
as too large grooves, excessive rates of acceleration, 
etc. While rates of acceleration and retardation can 
be increased to such an extent that slipping will 
take place, the slippage under either of these condi- 
tions will be very rough and jerky, and thus can 
easily be distinguished from the slippage caused by 
greasy cables in which case the starts and stops are 
made so smoothly that, to detect the slippage, obser- 
vations must be made upon the sheave itself. 


United States Uses 700 Kw-hr. Per Person Annually 


The use of electricity in the United States gains by 
about 11 per cent each year. The total consumption 
during 1926 was approximately 74,000,000,000 kw- 
hr., and the present rate of use so far during 1927 
indicates that the consumption this year will be in 
excess of 81,000,000,000 kw-hr., or practically 700 
kw-hr. for every man, woman, and child in the country. 

According to the U. S. Geological Survey, during 
May the total production was 6,516,000,000 kw-hr., 
or at the rate of more than 210,000,000 kw-hr. per 
day, an increase of 11 per cent over the consumption 
during the same month last year. Abundant rainfall 
throughout the country is reflected in this figure, 41 


per cent of the total being generated by water power. * 


The total daily output by water power was 84,900,000 
kw-hr. during the month. During May, New England 
produced a total of 426,404,000 kw-hr.—an increase 
of 10 per cent over the previous year. The amount 
of electricity produced by water power in New Eng- 
land during this month was 172,783,000 kw-hr.— 
slightly less than the amount produced in March and 
April, indicating the lower water conditions then 
prevalent in New England as compared with the rest 
of the country. 


The growth of the electrical industry in the United 
States has shown a steady increase during the past 
fifteen years, with the exception of 1921, which 
manifested the extreme depression in industry at 
that time. During the past seven years, while the 
average rate of output of manufacturing industries 
increased, according to the Department of Commerce, 
by 28 per cent, the rate of electric power production 
rose during the same period by more than SS 
per cent. 

Another interesting factor observed in connection 
with the industry 1s the pronounced tendency during 
the past few years to equalize the consumption of 
electricity throughout the year. Prior to that time, on 
account of the large amount of current utilized for 
lighting, the consumption of electricity during the 
summer months showed a sharp drop from that of 
the winter months. During the past two or three 
years, however, the increased use of electricity 
in industry, in general, and in the home for refriger- 
ation, radio, and labor-saving devices has tended 
to keep up the rate of consumption during the 
summer to more nearly that of the shorter winter 
days. 


Panel Material for Switchboards 


Marble Used Chiefly for Architectural Effect—Slate is Better Adapted to Service Requirements— 
Synthetic Material for Panels—Metal Panels—Panel Beveling 


By EMIL G. BERN 


Switchboard Department, Philadelphia Works, General Electric Company 


À 7 FREN the art of switchboard building was 
yet young architecture stood ready to con- 
tribute marble slabs as material for panels. 
Their fair dielectric strength made them quite suitable 
for the conditions of those days, and the customary 
high finish of the slabs harmonized well with the 
instrument equipment which was then just emerging 
from the laboratory stage. Fora long time, marble 
appeared to be the only suitable material available. 
European slate, as well as that first quarried on the 
American continent, was not sufficiently reliable in 
its insulating properties; neither did it present so 
pleasing an appearance. 

Even today there are many instances, particularly 
as viewed from the standpoint of architectural effect, 
where it would be difficult to find a satisfactory sub- 
stitute for marble. Its almost infinite varieties, 
available in color, shade, figure, and texture, give 
unusual opportunities for appropriate expression. 
A great number of possibilities lie in the use of marbles 
ranging from pure white to good values of blue and 
green in clouded or striped effect and in different 
intensities of color. There are, furthermore, patterns 
in pink and gray and other tints. 

Difficulty in keeping marble panels free from oil 
and grease was one of the first objections brought 
against their use, and a very serious one. Although it 
is still an important consideration, yet during later 
years means have been found for cleaning marble ina 
fairly satisfactory manner. 

Age has a softening or mellowing effect on the 
‘ color of marble, as on a limestone structure, a process 
which is greatly accelerated by heat and light. When 
a marble panel is selected for the purpose of main- 
taining an architectural effect, it is well to bear 
this in mind, for the switchboard may be more ex- 
posed to light and heat than the rest of the structure. 
Future extensions to equipment have also a bear- 
ing on this point, for the aging effect greatly augments 
the difficulty of matching one piece of a natural 
product with another, especially those from different 
geographical locations. 

By way of retrospection it will be recalled that as 
heavier switchboard equipment became necessary, 
the mechanical strength of marble was brought into 
question. At this period, however, the necessity for 
a high dielectric strength disappeared to a large 
extent because of the more general use of secondary 
instruments, meters, and protective devices. Slate 
was then included among the suitable materials 


available; but the appearance of many of the grades 
possessing the best dielectric qualities was generally 
not very pleasing, particularly when contrasted with 
the rich-looking, polished marble. 


Black-enameled Slate 

Black-enameled slate then came into vogue as a 
standard material. The slate was selected for its 
insulating qualities, without regard to its color, which 
frequently was a spotted green or pink. The finish 
was produced by a coat of black japan, baked over- 
night in a temperature of about 260 deg. F. After 
cooling it was rubbed down with pumice stone. 
Another coat of black baking japan was then applied 
and baked as before. The surface was now rubbed 
down again and polished. The panel was usually 
drilled before the enameling process, as the high 
gloss was easily scratched. 

Black-enameled slate was a rival to marble for a 
number of years in high-grade switchboard installa- 
tions, but was also subject to several limitations. 
It was rarely possible to ship and install such a 
board without injury to the original finish; and dam- 
age to the surface, during installation or afterwards, 
could seldom be repaired without dismantling the 
panel and returning it to the factory. Furthermore, 
the high-gloss black finish became tiresome to the 
eyes of operators on large switchboards. 

Closely related to this finish is the so-called Marble- 
ized Slate, which also is produced by an enameling 
process. The figure, or cloud effect, is first established 
in the form of a thin film of paint floating on a water 
surface. This film is then transferred to the enameled 
panel and baked. 


Marine-finished Slate 

A dull-black finish was then introduced with the 
aim of obtaining a cheaper process, a surface less 
easily scratched, and a seal against absorption of 
moisture when using porous grades of slate. The 
most suitable material for this finish is a marine 
lacquer with aniline dye and a very small amount of 
carbon black. The slate so finished usually goes under 
the name of Marine Finished Slate or Dull Black 
Finished Slate, and should not be confused with 
enameled slate. 

With this finish all the panels in a board are 
uniformly dead black, while the slate itself may be 
of as many different varieties as the number of slabs 
in the board. 
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Natural Black Slate 

When the quarries in Monson (Me.) were opened, 
and were able to turn out a reasonable quantity of 
natural black slate of suitable electrical qualities, 
free from metallic veins, and of a close arid uniform 
texture, 1t became possible to utilize this superior 
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amount of oil, and this produces a very pleasing, 
soft-black surface, on which finger marks and small 
surface scratches are not noticeable. As the material 
is a homogeneous product any surface damages that 
may occur during shipment, installation, or later, 
can easily be rubbed down until obliterated, and a 
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material for switchboard panels. Being less porous 
than other grades of slate—in fact, practically 
nonporous—1t requires no paint or filler to protect it 
against absorption of moisture due to surface conden- 
sation. It does, however, absorb a certain small 


A Marble Switchboard Designed to Harmonize with Its Surroundings 


A Natural Black:Slate Switchboard for a Large Central Station. A variety of decorative 
effects may be obtained through the use of this material 


simple application of a light mineral oil on the surface 
restores the black color. As the oil does not affect 
the finish of the equipment, it can be applied with- 
out any special care. No more should be used than 
can be absorbed, so as to prevent lodgment of dust. 


PANEL MATERIAL FOR SWITCHBOARDS 


Dependent largely on local conditions, the oil grad- 
ually disappears and the surface should occasionally 
be refreshed by a new application which is as simply 
made as the original. In this manner a natural black 
slate switchboard is always maintained at its best. 

The cleavage in quarried slate appears as a fine 
grain, in some respects similar to the grain of wood. 
While a greater uniformity may be claimed for the 
artificial finish on the black enameled or the marine 
finished slate, the grain gives a live appearance to the 
surface; and the natural beauty in the grain of the 
slate is as pleasing in effect as that in a piece of fine 
woodwork which, because of this very quality, one is 
reluctant to cover with paint. _ 


Fig. 3. Illustrations Showing How Sheet Metal and Slate or Synthetic 
Material Panels Are Applicable to Ordinary Switchboard Fittings 
and Present Substantially the Same Frontal Appearance 


Ebony Asbestos 

Certain conditions have called for a panel material 
of greater mechanical and dielectric strength than 
slate and marble. Several synthetic materials have 
been used more or less successfully under different 
conditions. One of the outstanding ones is known as 
Ebony Asbestos, which consists of asbestos fibres 
molded with Portland cement into slabs of proper size. 
These are afterwards impregnated, cut, and finished 
as required. A mechanical strength somewhat greater 
than that of slate, and a dielectric strength better 
than 1s possessed by marble is obtained with a weight 
of about one-third less for panels of a given size. 
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This material is cut, beveled, and drilled about as 
easily as slate. Its great resiliency is often an impor- 
tant item in its favor which, of course, must be con- 
sidered in providing proper supports. 

The finish is black pyroxylin lacquer of the most 
durable grade. Finger marks, oil, or grease spots 
may be removed by soap and water, or with carbon 
tetrachloride. Oiling is not recommended, as a collec- 
tion of dust on the oil has a tendency to polish the 
surface when it is being cleaned. 


Rolled Metal 

Under some conditions where heavy currents are not 
carried through the panel there is a tendency to use 
furniture steel for the panel material, with a dull 
black finish such as is used on Ebony Asbestos. There 
is little to be said here about this material, except 
that 1t lends itself best to those designs of equipments 


which are completely built in the factory and where 


no work is left to be done at the time and place of 
installation. 


Panel Bevel 

The purpose of the bevel is not one of appearance 
alone, but of plain necessity. It would be practically 
impossible to handle a slab of any material with 
square and sharp edges without leaving visible signs 
of injury or nicking of the edges. Raising such a slab 
on its edge would place a crushing stress on the sharp 
edge in proportion to the weight of the slab, and the 
sharper the edge the greater is the stress per unit meas- 
urement. It is therefore evident that a bevel will tend 
to equalize the stresses over a greater section, and 
that the size of it should be larger for heavier slabs. 

It should be remembered also that certain prac- 
tical tolerances must be accepted on all dimensions 
of the slabs as well as on the framework; and the 
bevel will tend to minimize the appearance of this 
irregularity. Furthermore, in many cases it may 
become necessary to reduce slightly the dimensions 
of a panel for the sake of alignment when it is being 
installed, and the marks of hand tools are less discern- 
ible if there is a bevel along the edge. 

The breaking up of the display surface by bevels 
helps to offset the different pieces of switchboard 
equipment, and relieves a monotony of appearance. 

For switchboard panels of any ordinary size a 
bevel of 14 in. is sufficient, and has been nationally 
standardized. This is cut 45 deg., and is measured 
parallel with the face of the panel, making a beveled 
surface of about 33 in. width. The objection to a 
larger bevel is the reduction in display surface. 

It is plain that bases serving merely as insulating 
supports for equipment back of the switchboard do 
not require as large a bevel on account of their 
lighter weight as well as less rigidity in the require- 
ments of appearance. A chamfer, just sufficient to 
take off the sharp edge, is sufficient. This is usually 
made approximately equal to a +; in. bevel. 
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The Application of Oxygen and Hydrogen to 
Industrial Operations 


PART I 
THE USES AND CHARACTERISTICS OF HYDROGEN 


By F. P. WILSON, Jr. 


Manager's Staff, Schenectady Works, General Electric Company 


HE uses of hydrogenthatare 
of greatest value to industry 
may be classed as the appli- 
cations involving: (1) metal cut- 
ting; (2) metallic-oxide reduction 
to obtain pure metals; (3) weld- 
ing in hydrogen atmospheres and 
with atomic hydrogen; (4) copper 
brazing of stecls and annealing of 
metals in hydrogenated electric- 
furnace atmospheres; (5) various 
metallurgical operations; and (6) 
the oxyhydrogen flame. In addi- 
tion to such quite general uses, 
there is a large variety of appli- 
cations in the chemical industries. 
The scope of this serial cannot 
cover the details of each of the applications, but suf- 
ficient general information will be given to afford 
some ideas of the processes involved. 


Metal Cutting 

Because other fuel gases than hydrogen are also 
used for metal cutting and its comparative value is 
thus a matter of considerable importance, the de- 
scription of its application to this purpose will be in- 
cluded later in this serial in a section treating of the 
“Selection of a Fuel Gas for Metal Cutting.” At 
this time, however, it can safely be predicted that the 
use of rolled steel plates cut with a gas torch and 
subsequently fabricated into various forms by means 
of electric welding will go a long way toward relieving 
the almost complete dependence upon foundries for 
many of the larger castings used in machine con- 
struction. () 


Oxide Reduction 

As a reducing agent, hydrogen is extensively applied 
in manufacturing processes concerned with the pro- 
duction and working of pure tungsten and molvbde- 
num. Table I shows the temperatures at which the 
oxides of these and various other metals reduce when 
subjected to a hydrogen atmosphere. 

For the reduction of tungsten and molybdenum 
oxides the proper temperature is maintained for the 
required period in a hydrogenated electric-furnace 

()"Rolled Steel Fabricated by Welding Displaces Castings in Machine 


Construction,” by R. H. Rogers, GENERAL ELECTRIC REVIEW, July, 1927, 
p. 330. 


There lies in the so-called com- 
pressed gases, such as hydrogen, 
oxygen, nitrogen, etc., the means 
of improving many mechanical 
manufacturing operations. Indus- 
tries which have long relied almost 
exclusively upon purely mechani- 


cal methods of manufacture are 
now finding that certain steps in 
production can be accomplished 
better and quicker by these gases. 
The properties of hydrogen and 
ats general application to indus- 
try are here outlined.— EDITOR 


atmosphere. Furnaces of the type 
used for this purpose are shown in 
Fig. 1. In subsequent manufac- 
turing operations, hydrogen 1s 
used to prevent oxidation of these 
metals. 


Hydrogen Arc Welding 

Some very useful applications 
are now being made of hvdrogen 
in conjunction with the electric 
arc for welding. One method con- 
sists of blowing this gas across a 
maintained arc, Fig 2; the other 
is based on the use of the conven- 
tional arc bathed 1n an atmosphere 
of hydrogen. Both of these meth- 
ods have been described in detail in articles previously 
published. Their success is due to the physical 
and chemical characteristics of hydrogen which pre- 
vent oxidation of the weld in the latter method, and, 
in addition to such protection, result in the forma- 
tion of atomic hydrogen in the former method. The 
subsequent reversion of the atomic hydrogen to 
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molecular hydrogen upon contact with the metal 
releases a great quantity of heat and results in a 
very high flame temperature. 


Brazing and Annealing 

The fabrication of small parts by means of copper 
brazing in a hydrogenated electric-furnace atmos- 
phere is an excellent method of effecting an alloy 
weld between surfaces which could otherwise be 
united only with difficulty or at greater cost. Such 
pieces as shown in Fig. 3 lend themselves admirably 
to this process. Copper wire or chips of the proper 
size may be used as filler material, placed so that the 


(2 "Flames of Atomic Hydrogen,” by Dr. Irving Langmuir; “Atomic 
Hydrogen Arc Welding.” by Veinman and Irving Langmuir; “Arc 
Welding in Hydrogen and Other Gases.” by P. Alexander. GENERAL ELEC- 
TRIC REVIEW, March, 1926, pp. 153, 160 and 169, 
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subsequent melting of this copper will result in its the brazing operation. Lead is one of these, the effect 
entering the joint to be welded and, under the in- of which is to prevent the proper alloying of the copper 
fluence of a temperature of 1150 deg. C. and hydrogen, and steel. Figs. 4 and 5 show two views of an electric 
forming an alloy which is as strong as the original hydrogen brazing furnace of industrial size. 
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Fig. 1. Battery of Tungsten and Molybdenum Oxide Reduction Furnaces 


Fig. 2. An Industrial Application of the Atomic-hydrogen Electric-arc Welding Process 


metal. In theoperation of such brazingequipment, care When subjecting solid hot copper to a hydrogen 
must be taken to prevent the admission of material atmosphere, a temperature of 400 deg. C. should be 
which, in the subsequent reaction with hydrogen or considered as the maximum. If this point is exceeded 
the metal being welded, would prove detrimental to the copper becomes brittle due to the reaction between 
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copper oxide and hydrogen ultimately forming steam. 
The steam, being unable to diffuse out as rapidly as 
formed, generates a high internal pressure which blows 
the grains of the metal apart as illustrated in Fig. 6. 


= a a ~nn “A 


Fig. 3. Turbine Nozzle-ring Parts in Various Stages of Assembly 
by the Hydrogen Brazing Process 


Fig. 4. Three-stage Hydrogen Brazing and Annealing Furnace, 
in Operating Position 


The annealing of iron, in addition to softening the 
material and giving it a uniform structure, greatly 
increases the facility with which it can be magnetized. 
When an atmosphere of hydrogen instead of air is 
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used, the annealing process can be carried on for a 
longer period and oxidation is prevented. Iron an- 
nealed in hydrogen also has a higher permeability 
than iron annealed in air and thus does not require 
as much excitation to produce the same degree of 
magnetic flux density. The curves in Fig. 7 show the 
saving in ampere-turns excitation effected by an- 
nealing in air and the further saving by annealing in 
hydrogen. 


Metal Melting 

The hydrogen flame is admirably adapted to the 
fusion of relatively high melting point metals where 
a non-oxidizing atmosphere is desirable. 

Hydrogen is very suitable for melting platinum 
because it contains no carbon, thus avoiding the 
formation of carbides with their detrimental effects. 


Single Crystal Copper 

Single crystals of copper have been produced with 
the aid of hydrogen, and when in this form copper 
has a higher electrical conductivity. The hydrogen 
technique of its production is somewhat similar 
to that employed in the production of synthetic gems. 


Nickel Plating 

One of the chief difficulties encountered in the 
nickel plating of steel has been a tendency of the 
deposited metal to scale or peel off. This has now 
been overcome by the use of hydrogen. The sheet 


Fig. 5. The Furnace Illustrated in Fig. 4 When in the 
Shifting Position 


steel is passed first through a chamber of hot hydro- 
gen which reduces all oxides and produces a fresh 
surface. From this chamber the steel is passed into 
a cooling chamber also containing hydrogen. It is 
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then placed in the nickel bath, for plating, passed 
through the wash tank, next through a third chamber 
where it is raised to welding heat, and finally to a 
cooling chamber. The solution of this problem has 
been of great value in welding nickel-iron sheets. 


Fused Quartz 

The work with fused quartz in the Thomson Re- 
search .Laboratory at Lynn involves the use of the 
hydrogen flame. Certain operations in glass working, 
Fig. 8, can be performed more readily by the aid of 
this flame. 
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Fig. 6. Photomicrograph Showing Structural Fractures in Copper 
Annealed at an Excessive Temperature in an 
Atmosphere of Hydrogen 
(Magnification, 200 diameters) 

Synthetic Stone Manufacture 

The manufacture of many synthetic gems is per- 
formed with the aid of hydrogen. | 

Alumina being the base of the ruby and sapphire, 
the synthetic production of these stones is possible 
by adding the proper amount of other oxides to 
obtain the required colors, and a subsequent chemical 
treatment and passage under or through an oxy- 
hydrogen flame. | 


Ammonia Production 

One of the major chemical uses of hydrogen is in 
the production of synthetic ammonia by a process 
combining atmospheric nitrogen, usually produced 
by liquefaction and fractionation of air, with hydro- 
gen produced electrolytically as a by-product or by 
the liquefaction of water gas. When hydrogen and 
nitrogen are combined in the proper proportions 
(NHs), at a temperature of 600 or 700 deg. C. and 
under a pressure of 200 atmospheres or greater, in 
the presence of a catalyst, ammonia is produced. 
This process, developed by Haber, involves the 
following reaction: 


N: + 3 H¿ Y 2 NH; 


This equation is reversible, depending upon the 
equilibrium represented by the following expression: 


P 
K = A 


947 


where Pyy, Pn,, and Py, represent the partial pres- 
sures of the respective gases and K is the reaction 
constant. Any increase in pressure favors the forma- 
tion of NH; because the combination of one volume 
of nitrogen and three of hydrogen becomes two vol- 
umes of ammonia, a reduction of volume which 1s 
promoted by increase of pressure. 
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Fig. 7. Magnetization Curves of Cold Rolled Steel Showing the 
Advantages of Annealing, Particularly Annealing in 
Hydrogen 
Curve A—Unannealed specimen. Curve B—Annealed in air. 
Curve C—Annealed in hydrogen. 


Nitrogen Production Using Hydrogen 

The production of very pure nitrogen from the air 
is possible by utilizing hydrogen to remove the 
atmospheric oxygen by burning; and the heat of 


Fig. 8. Application of Hydrogen Flame to Glass Blowing 


combustion so liberated can be used to generate 
steam. The cost of nitrogen so produced is greater 
than when obtained by the air liquefaction process, 
but there are times when circumstances dictate its 
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use. Fig. 9 shows apparatus for producing nitrogen 
by combustion of air and hydrogen. 


Coal Liquefaction 

In Germany, recent experiments to liquefy coal 
have been successful through the use of hydrogen. 
By means of high pressures and temperatures, more 
hydrogen was caused to combine chemically with 
the carbon in the coal, thus producing a liquid having 
characteristics of petroleum. 

The yield of products from 1000 lb. of gas-flame 
bituminous coal (containing 6 per cent of ash) plus 
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The use of hydrogen in the catalytic hydro- 
genation of organic compounds received its impetus 
through the work of Paul Sabatier. By means 
of base metal catalysts, such as nickel, cobalt, 
iron, and copper, the liquid glycerides of unsatu- 
rated acids, such as oleic acid, are converted 
into solid glycerides of saturated acids, such as 
stearic acid. The hardened fats are used as sub- 
stitutes for butter and in the candle and soap 
industries. 

Cis Hu O: + He — Cis Has O2 


(Oleic acid) (Stearic acid) 


Fig.9. Apparatus for Producing Nitrogen by Means of Combustion of Air and Hydrogen 


50 lb. of hydrogen and 50 lb. of iron oxide by the 
Bergius hydrogenation process is listed in Table II. 


TABLE Il 
Product ; Lb. 

Motor ue. o ek cen oe ieee ee Se Bk ee a les 150 
Fuel oil for internal combustion engines.......... ~... 200 
LUDIICA IRON bs ae es a RS 60 
Fuel oil for industrial use........................004 - 80 
Distillation: loss. ........o ananuna Soe heh alee ee sate 35 
aS oi oS ae Re EN A Sie Ae tee eee hee kes 235 
WY SCO ae le ae he See a ew NN Be 8 75 
ATHIMONIA oo ao See eed ee aS Sone see har ed Be a Ose ees 5 
Coke. with ash.) isis. eed ess bee A es 240 

A A oe ere et ans Sass Se 20 


Hydrogenation of Oils 

The treatment of fatty oils with hydrogen produces 
several results. If a catalyzer is used, the oil becomes 
hard and odorless. In the absence of a catalyzer the 
oil remains liquid, but is deodorized. The latter 
process is claimed to be superior to the steam 
deodorizing process for certain vegetable and fish 
oils because of the qualities of the product so ob- 
tained. In the operation, hydrogen is blown through 
heated oil and subsequently recovered for repeated 
use by separating it from the oil vapors by distillation 
of the latter. The action of rendering the oil odorless 
by this process is both physical and chemical, and 
the iodine value of the oil so treated is reduced. 


(3) Journal of Society of Automolive Engineers. 


Cooling Electric Generators 

The advantages of operating high-speed electric 
generators and other rotating electrical apparatus in 
a circulating hydrogen atmosphere are well worthy 
of note. The high heat conductivity of hydrogen 
and the reduced windage losses result in a higher 
capacity for a generator of given size. 


Balloon Gases 

Prior to the production of helium from natural gas 
on a commercial basis, hydrogen had a large field 
of application in lighter-than-air craft. However, 
the non-inflammable character of helium makes it 
preferable to hydrogen in spite of the superior 
buoyancy of the latter. As a result, large dirigibles 
are now being inflated with helium where available, 
and the consumption of hydrogen is correspondingly 
reduced. | 

Hydrogen is the lightest substance known, having 
an atomic weight of 1.008, and is used as a 
standard of reference for gas densities and many 
chemical calculations. Helium has an atomic 
weight of 4. It is reported that recent experi- 
ments at the University of Berlin have resulted in 
the transformation of hydrogen atoms into helium 
atoms. 
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Miscellaneous Uses 

Research laboratories use large quantities of 
hydrogen in work of various kinds. 

Hydrogen is also used for the decarburization of 
steel to produce very pure iron, or the decarburization 
of cast iron to produce alloy steels and cyanides at 
the same time. 

Sulphur can be removed from coke by employing 
hydrogen. The cracking of oils to produce hydro- 
carbons of lower boiling points such as benzine, 
gasoline, kerosene, etc., is facilitated by hydrogen. 
Several processes have been developed for the pro- 
duction of synthetic rubber which involve the use of 
hydrogen. The aniline dye industry uses hydrogen 
in large quantities for the hydrogenation of nitro- 
benzine to aniline, the former being produced from 
benzine which in turn is produced by oil distillation. 
Acetone has been hydrogenated to produce isopropyl 
alcohol as a substitute for ethyl alcohol. 

Acetaldehyde, which is made from acetylene gas 
by an oxidation process, can be treated with hydrogen 
to produce ethyl alcohol and, from this, a cheap 
motor spirit. Other aldehydes can also be hydrogen- 
ated or reduced to alcohols. 

Sabatier produced cyclohexane by passing benzine 
vapors with excess hydrogen over a bundle of reduced 
nickel rods maintained at a temperature of 200 deg. 
C. The vapors of cyclohexane were condensed by 
passing the gases through a U-tube surrounded with 
ice. Cyclohexane is used in the production of syn- 
thetic rubber, and in admixtures with benzine can 
be used as a motor fuel. It has also been found very 
valuable in the precipitation of asphaltenes from 
mineral oils, giving 75 per cent better precipitation 
than benzine. Further experiments by this chemist 
established the fact that all compounds possessing 
a double ethylene linkage, as in hydrocarbons, 
alcohols, and some acids, very easily take up a 
molecule of hydrogen at a temperature of 180 deg. C. 
under the action of reduced nickel.’ The experiments 
covered a range of more than 200 successful hydro- 
genations, the greatest precaution necessary for 
their success being to avoid impurities in the reacting 
substances. 

In addition to those already given, the following 
uses of hydrogen are quite important. For lead burn- 
ing where a clean, pure-reducing and carbon-free 
flame is required, this gas is well adapted. In aluminum 
soldering and brazing the hydrogen flame also finds 
a large field of usefulness. 

Hydrogen plays a very important part in the 
manufacture of water gas, oil gas, and in the com- 
bustion of coal and other fuels. Its physical and 
chemical properties are becoming increasingly in- 
teresting to combustion engineers, gas engineers, 
chemical engineers, welding engineers, and many 
others. Its presence as an occluded gas in metals is 
drawing the attention of metallurgical engineers; in 
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fact, there are few manufacturing enterprises today 
where hydrogen is not being utilized either inten- 
tionally or by means of unknown natural phenomena. 

It would be possible to go on almost indefinitely 
giving the uses of hydrogen, but those that have 
been named are sufficient to show the great imme- 
diate and potential importance of this gas in various 
phases of industry. Furthermore, new uses, of which 
nothing is now known or imagined, will doubtless 


‘be found for this very versatile element which was 


discovered by Paracelsus in the sixteenth century 
and finally named “Hydrogen” by Lavoisier in the 
eighteenth century. 

It constitutes about one-ninth of the weight of 
water and is an essential constituent of all acids. 
It occurs in organic matter combined with carbon, 
oxygen, nitrogen, and sulphur in various proportions. 
Free hydrogen, while found in some volcanic gases, 
forms a very small part of the hydrogen total. 

Hydrogen can be produced, though uneconomically, 
by the chemical reaction of an acid and a metal, the 
metal replacing the hydrogen in the acid. The degree 
of chemical activity of hydrogen depends upon 
physical conditions such as temperature, pressure, 
presence of catalytic agents, etc. It combines with 
oxygen to form water, this being the only product 
of combustion of these gases when pure. The com- 
bination takes place slowly at 500 deg. C., but at 
750 deg. C. it takes place with explosive violence. 
Finely divided platinum causes oxygen and hydrogen 
to combine merely by its presence; it acts by contact 
and is unaffected by the reaction. 

Hydrogen, which acts chemically like metals, 
possesses greater chemical activity than some metals 
and less than others. All the metals from potassium 
to lead can replace hydrogen in dilute acids and, in 
some cases, in water; but the metals from antimony 
to gold can not. These are listed in Table III. 


TABLE Ill 

Most Active Metals Least Active 
Potassium Antimony 
Sodium Bismuth 
Calcium Copper 
Magnesium Mercury 
Aluminum Silver 
Chromium Platinum 
Manganese Gold 

inc 

Iron 
Nickel 
Tin 
Lead 


Hydrogen 


Properties of Hydrogen 

Pure hydrogen is a colorless, odorless, and tasteless 
gas; and it has a remarkable faculty of passing 
through plates of iron and platinum at high tem- 
peratures. At red heat, palladium will absorb 900 
times its own volume of hydrogen. 

One of the great difficulties met in the handling 
of hydrogen is its tendency to leak out of apparatus; 
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therefore tanks or containers built to hold hydrogen 
at comparatively high pressures must be carefully 
constructed if excessive leakage is to be avoided. 

Its coefficients of diffusion with air, oxygen, and 
nitrogen are listed in Table IV; and its solubility 
in water, compared with these gases and acetylene, 
is given in Table V. 

The spectrum of hydrogen consists of four luminous 
lines, of which the two most characteristic are red 
and greenish blue. Hydrogen is a good conductor of 
electricity. The small amount of hydrogen in the air 
is believed to be produced by the action of ultra-violet 
rays on sea water and on aqueous vapor of clouds. 


TABLE IV 
DIFFUSION OF GASES 


(Smithsonian Tables) 


Gas Diffusing | Gas Diffused Into) Temp. deg. C. Coefficient 
Air Zero 0.661 
Air Zero 0.1775 
H: Zero 0.634 
H: Zero 0.678 
N: Zero 0.1787 
O: Zero 0.7217 
2 Zero 0.1710 


Liquid hydrogen is limpid, colorless, highly re- 
fractive, and dispersive. It boils at — 252.6 deg. C. 
at normal pressure. At this temperature all known 
gases except helium become solid. The specific 
gravity of liquid hydrogen is 0.070, and this liquid 
is the lightest that is known. 

Free hydrogen combines with fluorine at tempera- 
tures as low as — 23 deg. C., and this combination 
takes place at room temperature in the dark with 
explosive violence. 

Hydrogen exhibits an especially strong chemical 
affinity for chlorine. If a jet of burning hydrogen 
is inserted into chlorine, it will continue to burn 
forming hydrogen chloride, better known as hydro- 
chloric acid. If equal volumes of hydrogen and chlor- 
ine are brought together in the dark at room tempera- 
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ture, no combustion takes place, but will occur at 
400 deg. C. if the mixed gases are exposed to a bright 
light; if a flame or spark is brought in contact with the 
mixture, the gases combine with explosive violence. 

Hydrogen is present in coal, oil, and all gases 
known as hydrocarbons. It is the indirect cause of 
serious explosions with acetylene; when the latter 
endothermic gas disassociates and liberates hydrogen, 
the heat so liberated is absorbed by the hydrogen 
causing an excessive expansion and pressure in- 
crease of the latter. 

Hydrofluoric acid, the aqueous solution of hydrogen 
fluoride, a hydrogen compound, is used in etching glass. 

It would seem that, outside of the chemical 
industries, the greatest future consumption of 


TABLE V 
SOLUBILITY OF GASES IN WATER (BY VOLUME) 


O deg. C. 15 deg. C. 100 deg. C. 
Acetylene 1.73 IS. er ee 
H: 0.020 0.018 0.0166 
O: 0.048 0.034 0.017 
2 0.023 | 0.017 0.010 
Air 0.028 0.020 0.011 


hydrogen will be in welding, cutting, in various 
processes for the utilization of coal and oil, and 
in the synthesis of hydrocarbons and other com- 
pounds. | 

The present method of burning coal in the raw 
form for heat generation will in a few years probably 
be considered highly wasteful. Hydrogen gas will 
undoubtedly play an important part in developing 
the vast resources of coal and aid the diversion of 
valuable by-products to increased fields of use- 
fulness. 

Should nature go on strike and the source of hydro- 
gen be eliminated, the effect on the world’s industry 
would be far-reaching; yet in the commercial applica- 
tion of this gas it is highly probable that only the 
surface has been scratched. 


PHYSICAL AND CHEMICAL PROPERTIES OF HYDROGEN 


Atomic Symbol =H 
Molecular Symbol = H; 
Valence = 1 
Atomic Weight =1.008 
Molecular Weight =2.016 
Specific Gravity =0.06949 (Air =1) 
Critical Temp.=33.18 deg. K. (Onnes 1917) (K.= Kelvin 
Scale =deg. C. absolute) 
Critical Pressure = 12.806 atmospheres (Onnes 1917) 
Critical Density =0.31 (Onnes 1917) 
Boiling point at 1 atmosphere = 20.4 deg. K. 
Freezing point = 14.14 deg. K. 
Specific Heat C,, molecular =6.858 (Lussana 1894) 
Ratio of C, to C, =1.408 (Lumnier 1898) 
Specific Heat, liquid, molecular (1 atmos.) 
= 3.8707 (Keesom 1917) 
Density saturated vapor at 1 atmos. =1.32 (Onnes 1915) 
Density liquid at boiling point =0.07105 (Augustine 1916) 
(Water at 4 deg. C. =1) 
Total heat of vaporization 
= 108.5 calories per gram (Onnes 1913) 


Internal heat of vaporization 
= 90.4 calories per gram (calculated) 
Thermal conductivity at zero deg. C. 
= 0.000416 (Weber). Air =0.0000566 at 0 deg.C. (Eucken) 
Flame temperature with air 
= 1900 deg. C. (Smithsonian Tables) 
Flame temperature with oxygen 
= 2420 deg. C. (Smithsonian Tables) 
Net B.t.u. per cu. ft. =272.9 
Temperature of ignition with air 
=747 deg. C. (Smithsonian Tables) 
Explosive range in oxygen 
=8 to 93 per cent by volume of hydrogen. 
Coefficient of expansion 
=0.00366 per deg. C. between zero and 100 deg. C. 
at 760 mm. pressure 
Oxygen needed for combustion per cu. ft. 
= Y cu. ft. at 60 deg. F. 760 mm. pressure. 
Electrochemical equivalent 
= ().01585 cu. ft. dry hydrogen per amp. hr. at 20 deg. C. 
and 760 mm. pressure. 


(To be continued) 


551 


Industrial Electric Heating 


PARTII 


PRINCIPLES OF HEATING (Conťd) 


By N. R. STANSEL 
Industrial Engineering Department, General Electric Company 


ITH the exception of the direct resistance 

W method of heating (illustrated in Figs. 
1 and 2*) in which the charge is heated in 

the open air, some form of enclosure like a heating 
chamber is necessary to apply electric heat to 
material. Heating chambers are classified according 
to temperatures, as ovens and furnaces, etc. Gen- 
erally speaking, the term ‘“‘oven” applies if the operat- 
ing temperature is below 750 deg. F., although in the 


P 
m 


Temperature(Degrees F.) 


Fig. 24. Ratio of the Convection Component to the Total 
Flow of Heat for Final Temperatures of the Body Heated 


greater part of oven work, the temperature is below 
500 deg. Furnace temperatures are for the most part 
above 1000 deg. F. Various particular terms, such as 
crucibles, retorts, kilns, tanks, pots, etc., are applied 
to heating chambers corresponding to the particular 
service for which the enclosure is used. 


The requirements of a heating chamber as an 
enclosure for the application of heat to a charge of 
material are as follows: 

(a) Arrangement for the reception of heat 

(b) Provision for the uniform distribution of heat 

to the charge of material 

(c) Control of the atmosphere within the chamber 


“Figs. 1 to 23, Tables I to III, Equations (1) to (ab), and Footnotes (1) and 
(2) appeared in Part I of this serial in the October, 1927, issuc.— EDITOR 


(d) Control of the rate of heating of the charge 

(e) In some cases¢ control of the rate of cooling of 
the charge 

(f) Limitation of the flow of heat through the 

walls of the chamber to the surrounding air 

Strength and durability of the chamber for 

the service conditions. 


(g) 


Heat Reception 

With electric heat the conversion of electric energy 
to heat takes place within the heating chamber. 
Hence the provision for the reception of the heat is 
simple, consisting only of the allotment of a com- 
paratively small amount of space in the heating 
chamber for the heating units and of bushings through 
the walls for the terminals of the heating circuit. 


Heat Distribution 

It is a general rule in industrial heating that the 
charge of material should be uniformly heated. The 
term “uniform heating” has two meanings: first, 
the temperature equalization within the mass of 
each piece of a charge; and, second, the uniformity 
of the temperature of the charge as a whole. Such 
heating is obtained when there is a uniform flux 
of heat supplied to each unit area of the surfaces of 
the charge. To accomplish this there must be a ' 
distribution of heat within the chamber that will 
give a uniform distribution of temperature and, in 
addition, the surfaces of each piece of the charge 
must be exposed to the direct action of the heat flux. 

In the indirect resistance class of heating, the 
application of heat to material is a surface action, 
1.e., the heat transfer is accomplished by the combined 
effect of convection and radiation. In Fig. 24 (a 
reproduction in part of Fig. 22) is plotted the ratio 
of the natural convection component to the total 
heat flow for forced convection, for final temperatures 
up to 540 deg. F. (1000 deg. F. absolute), and for 
various values of velocity of gas movement (V in 
Equation (7) ). It will be noted from these curves that 
the percentage of heat flow by convection increases 
rapidly with an increase in the temperature to which 
the material is heated up to about 100 deg. F. This 
part of the curve is of little interest, as industrial 
heating 1s not often concerned with the temperature 
range below 100 deg. F. For temperatures above 
100 deg., the continuous decrease in the percentage 
value of the convection component of the heat flow, 
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as the temperature of the material rises, is an impor- 
tant consideration in heating problems. The effects 
of forced convection on the total flow of heat to a 
surface for various velocities and for final tempera- 
tures up to 540 deg. F. are shown in Fig. 25. 

The conversion of electric energy to heat is not a 
combustion process. Hence, as far as the production 
of heat is concerned, no air (oxygen) is required and 
there need be no movement of the atmosphere 
within the heating chamber. A movement of this 
atmosphere may be necessary for some particular 
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Fig. 25. Increase in Total Flow of Heat Due to Forced Convection 
for Final Temperatures of the Body Heated 


purpose such as to supply air (oxygen) for oxidation 
of the charge, as in baking varnish, or to remove 
undesirable vapors, smoke, etc., from the heating 
chamber. In evaporation processes air is often used 
as the vehicle to carry the heat to the surfaces of the 
material and to carry away the vapors of the process. 
An air movement to remove vapor products of heat- 
ing is termed ventilation and is obtained either by 
natural draft or by fan action, induced or forced. 

In order to utilize convection in the heating of 
material, passages must be provided for the flow of 
the hot gases, and these passages must be so arranged 
that the flow of heat by the convection movement will 
be distributed uniformly over the surfaces of the ma- 
terial to be heated. This requires a consideration of 
the arrangement of the pieces of the charge and of the 
velocity and direction of the movementof the hot gases. 


GENERAL ELECTRIC REVIEW 


Vol. 30, No. 11 


The diagrams in Fig. 26 illustrate the arrangement 
of the heating chamber of an electric core-baking 
oven. The temperature for baking cores is usually 
around 400 deg. F., and in the process air is required 
for oxidation of the binding material and for ventila- 
tion. In this design of heating chamber the only 
provision for forced convection is the damper arrange- 
ment for natural draft. 

A core-baking oven with a fan and duct arrange- 
ment for forced convection, by recirculation of the 
heating chamber atmosphere, is shown in Fig. 27. 
Adjustable dampers in the ducts provide for such 
change in the chamber atmosphere (ventilation) 
as may be needed during the heating period. A 
loading arrangement of a charge of cores that secures 
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Fig. 26. Diagram of Electric Core-baking Oven. 
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Fig. 27. Diagram of Electric Core-baking Oven with Fan for 


Re-circulation of Heating-chamber Atmosphere 


the individual heating of each core is shown in 
Fig. 28. This photograph illustrates the general 
principle of loading a charge so that the hot gas will 
have free access to the surfaces of each piece. 

There are certain advantages to the method of 
heat transfer by convection. Some of these are: 


(a) The flow of heat by convection is independent 
of the nature of the surface of the material. 
This is an important point in view of the wide 
variety of materials which are heated at low 
temperatures. 

The rate of total heat flow can be increased 
with ease by increasing the velocity of the 
hot gases. 


(b) 


(c) Convection heating and ventilation aid each 
other. 
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On the other hand, there are a number of disad- 

vantages in the use of convection. These in part are: 

(a) It isdifficult to provide such channels through the 

charge as will give uniform heat distribution. 

(b) The currents of hot gas tend to isolate them- 

selves and thus lower the efficiency of heat 
utilization. 
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Heat distribution by radiation is obtained by a 
combination of direct radiation from the heating 
units and of re-radiation from the interior boundary 
surfaces of the heating chamber. To obtain a uni- 
form flux of heat for each unit area of the surface 
of the charge by radiation, both the location of the 
heating units and the loading of the charge must be 
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Fig. 29. Cross-section of Electric Furnace with Side-wall and Hearth Heating Units 


(c) The difficulty of handling hot gases increases 
rapidly as the temperature is increased. 

The effectiveness of convection becomes less 
and less as the size of the heating chamber is 
increased. 

If the hot gases are discharged in the open 
air the loss of heat precludes the use of convec- 
tion heating except for low-temperature work. 


(d) 


(e) 


considered. Assume for example a heating chamber 
in which the heating units are placed on the side 
walls, as shown 1n Fig. 29, and consider that the shape 
of the charge is a cube. The sides of the charge receive 
heat by direct radiation. The top surface can receive 
heat only by re-radiation from the roof surface. 
Hence, the height of the charge should be kept 
within the limit: which will permit direct radiation 
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to reach the roof surface. Similarly, if the heating 
units are located on the roof surface, as shown 
in Fig. 30, the width of the charge should be 
limited to that dimension which will permit re- 
radiation from the side walls of the chamber to 
supply a uniform flow of heat to the side walls of 
the charge. 

Whatever may be the location of the heating 
units, on side wall or roof surfaces, the bottom 
of the charge is shielded against all radiation from 
the wall and roof surfaces of the chamber. There- 
fore, as a rule—to which there are some excep- 
tions in practice—heating units are needed under- 
neath the hearth to supply heat to the bottom of 
the charge, as shown in Figs. 29 and 30. 

The two examples of heating units given are 
not intended to suggest any limitations in the 
locations or distribution of 
the sources of heat in an 
electric heating chamber. 
The electric heating units 
are flexible both with regard 
to location and area of sur- 
face, and the distribution 
of heat by radiation can be 
made to conform to prac- 
tically any condition required 
by the charge of material. 
If the charge consists of more 
than one piece, as 1s the case 
in batch heating, uniform 
heating by radiation requires, 
as in convection heating, that 
the pieces of the charge be 
separated so as to expose the 
surface of each piece to the 
flux of heat. 

Zone heating is an exten- 
sion of the principle of uni- 
form heat distribution by radiation and illustrates 
the flexibility and effectiveness of radiation as a 
method of heating. In zone heating the heating 
units are divided into groups, each group under 
separate control, to give zones of heat at different 
temperatures, through which the material to be 
heated is conveyed. The diagram of an electric 
glass-annealing furnace, Fig. 31, illustrates an 
application of zone heating and in addition zone 
cooling. In this furnace the temperature of the 
charge is raised gradually as it passes into zones 
of higher and higher temperature. These zones are 
followed by zones of lower and lower temperature. 
The temperatures of the several zones are adjusted 
to give the heating-cooling cycle required for the 
relief of strains in the glass. The principle of zone 
heat distribution by radiation is of general appli- 
cation and may or may not include the feature of 
zone cooling. 
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The important advantages of the use of radiation 
for heating a charge of material are: 


(a) No medium is required for the flow of heat. 
It is thus free from the limitations imposed 
by the movement of gases as required by 
convection. 


The source of heat can be distributed over as 
wide an area as may be desired. This distribu- 
tion, once established, is not subject to change 
or variation in natural or in operatitng condi- 
tions. 


(b) 


(c) The effectiveness of radiation increases rapidly 
with an increase in temperature. 


(d) 


The use of radiation makes practicable the 
selection of the atmosphere of the heating 
chamber. 
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Cross-section of Electric Furnace with Roof and Hearth Heating Units 


While these two agencies for the transfer of heat 
have been considered separately, it is difficult to 
draw a distinct line between the use of convection 
and the use of radiation. Disregarding forced convec- 
tion, physical laws govern; and one method may be 
more important than the other, or they may be of 
equal importance, depending upon the temperature 
of the heating chamber. Thus at high temperatures 
natural convection becomes of negligible value and 
the entire heat flow must be by radiation. Conversely, 
at low temperatures natural convection is the im- 
portant agency in the heat transfer. The use of forced 
convection is a direct utilization of the convection 
component. For example, in the evaporation of 
moisture by heated air the heat transfer is almost 
exclusively by convection. In low-temperature work 
ventilation of the heating chamber is usually re- 
quired. Also, in low-temperature heating the charges 
of material are frequently bulky, and it is more 
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practicable to subdivide such charges for the circula- 
tion of hot gases than to provide accessto their surfaces 
for heating by radiation. Hence, convection is more 
apt to be the principal agency for heat transfer in 
the oven classification of heating chambers. On the 
other hand, at furnace temperatures, radiation is 
the desirable method because of its effectiveness and 
the ease and certainty of its application, together 
with the fact that ventilation is seldom required, 
and is always to be avoided at high temperatures 


Thermal Resistances 
As mentioned in a preceding paragraph, the pieces 
of a charge of material must be so separated that 
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k=the material coefficient of heat transfer 
(B.t.u. per sq. ft. per in. per hr. per deg. F. 
difference of temperature). 

n=number of surfaces in series in the path of 
heat flow. 

t=length of path of heat flow, in inches. 


While in practice it is seldom, if ever, necessary 
to calculate the thermal resistances due to various 
methods of loading, the principle can be illustrated 
by the following examples: 


Example 4: The charge consists of cubes of steel 
to be heated from room temperature to 1340 deg. F. 
in a closed heating chamber. The charge is stacked 


LOOR LINE 


Cross-section of Conveyor-type Electric Furnace for Annealing Glass, Using Zone Heat Distribution. 


(Above) Temperature chart of charge during its passage through the furnace 


all surfaces of the material are exposed to the direct 
flow of heat. This requirement determines the maxi- 
mum allowable thermal resistance in the path of 
heat flow. As discussed with reference to the flow of 
heat from a hot surface, the thermal resistance in the 
path of heat flow into a body is equal to the sum of 
the surface resistance and of the internal resistance 
of the material, thus: 


(9) 


in which 
7,= thermal ohms 
k’=the surface coefficient of heat transfer 
(B.t.u. per sq. ft. per hr. per deg. F. differ- 
ence of temperature). 


closely. The object is to bring the entire mass of the 
charge to the temperature noted and the concern 
is primarily with the thermal resistance in the path 
of heat flow to the center cube. It will be assumed 
that the surface of the metal has a character such 
that the constant C in the convection Equation (6) 
has the value 0.29 and the constant C in the radiation 
Equation (8) has the value 0.72, which is the same 
as that for which the heat transfer curves in Fig. 18 
were prepared. The value of k’ increases as the tem- 
perature of the surfaces increases (see Fig. 13), and 
the average value for the temperature range will be 
used. From Fig. 18, this is k’=12. The value of k for 
steel decreases with an increase in temperature and for 
the average value we will assume the average value 
for iron given in Table I, 1.e., k=319. Assume that . 
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there are 27 pieces in the charge, making n=3. The 
assumed value of t is 18 in. Substituting these values 
in Equation (9) 


3 I8 

T,= — —— 

12 319 
=0.25+0.056 


= (0.30 thermal ohm 


Example 5: If the pieces of the charge are scattered 
so that all surfaces are exposed to the direct flow of 
heat the value of n is 1 and t=6. Substituting these 
values in Equation (9) 

1 6 
127 319 

= 0.083 + 0.019 

= 0.010 thermal ohm 
These comparative values show that the thermal 
resistance of the material is but a small part of the 
total resistance—a general condition with metals— 
and also the importance of scattering the charge to 
obtain the minimum value of n=1. 


n= 


Example 6: Instead of the solid cubes of Examples 
1 and 2 the charge is assumed to be of hollow shells, 
stacked closely as in Example 1. The value of n is 5. 
For the present purpose the thermal resistance of the 
metal can be neglected. From Equation (9) 

5 

Tr, =— 

12 

=0.41 thermal ohm. 


This example illustrates the difficulty in heating 
hollow pieces when stacked or piled closely together. 
For example, if instead of the row containing three 
pieces we had a row of five pieces the value of n 
would have been 9, which gives r,=0.75 thermal ohm. 

It is not always either practicable or possible to 
load charges of material in a heating chamber so as 
to obtain this individual heating of each piece of the 
charge. It is in fact often necessary to permit more 
or less shielding of the surfaces of the pieces. The 
resulting increase in the thermal resistance should 
be regarded as a concession to operating conditions, a 
departure from best practice in the application of heat. 


Space Factor 

The requirements of space—in the three-dimen- 
sional meaning of the word—in a heating chamber 
for the flow of heat to the surfaces of the charge of 
material limit the holding capacity of the heating 
chamber. Hence, in the loading of the chamber the 
ratio of the net space occupied by the material of 
the charge to the total working space is less than 
unity. This ratio is termed the “space factor” of the 
charge. The greater the number of pieces of a given 
character of charge the less will be the space factor. 


(3) The term “space factor” is also used in connection with hollow pieces 
and pieces of irregular shapes to designate the comparison of the space 
occupied by such a charge to the space required for a corresponding weight 
of charge of solid pieces of uniform shape. 
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As the volume of work increases, the space factor 
becomes of more and more importance in the rate 
of production and in the cost of the heating opera- 
tion. The application of conveyors to heating chambers 
was developed to meet this situation. Details of the 
several types of conveyors for heating chambers 
differ but all are based upon the principle of the 
charge moving during the heating period. In the con- 
veyor-type heating chamber the space factor has a 
maximum value for any given material, since what- 
ever the number of pieces in the heating chamber at 
any one time the space factor is based upon a charge 
of a single piece of the material. 


Heating-chamber Atmospheres 

The atmosphere in an electric heating chamber may 
be any gas which at the temperature used does not 
attack the materials of the heating chamber construc- 
tion which are exposed to it, particularly the heating 
units. Gases which would cause deposits on the heat- 
ing units should be avoided. Such deposits cause 
local over-heating of the conductors and may develop 
short-circuits between turns of the windings. Another 
precaution to be observed is to avoid a harmful 
catalytic action through some combination of ma- 
terial, chamber atmosphere, and temperature. When 
these precautions are taken into account the atmos- 
phere, either oxidizing, neutral, or reducing can be 
selected as needed with reference to the material 
to be heated and to the object of the heat application. 

The natural atmosphere in an electric heating 
chamber that is sealed during the heating period is 
the resulting mixture of the air entrained in the 
chamber and of the gases given off from the material 
being heated, together with the gases which are the 
result of such chemical reactions as may occur. Prac- 
tically all materials when heated give off gases of 
various kinds and in various quantities per unit 
volume of material, depending both in kind and 
quantity upon the nature of the material and tem- 
perature to which it is heated. For example, the 
volume of gas at room temperature which is given 
off by the average steel when heated to 1500-1600 
deg. F. 1s about the same as the volume of the steel. 
The part that these gases take in the formation of 
the atmosphere of the chamber during the heating 
period depends, in any particular case, upon the 
quantity and nature of the material in the charge 
and the volume of the heating chamber. 

In Fig. 32 is shown graphically the changes in the 
composition of the atmosphere of a sealed electric 
heating chamber during the heating of a charge of 
steel sheets. In this case the charge occupied prac- 
tically the full working space of the heating chamber 
and the gases from the charge formed practically 
the whole of the atmosphere surrounding the charge. 
It will be noted that the amount of oxygen (air) in the 
chamber was negligible early in the heating period. 
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If the heating chamber is not sealed, 1.e., if there 
is free access of air to it, the atmosphere of the cham- 
ber will correspond approximately to the surrounding 
atmosphere, which is 


Oxygen 20 per cent 
CO, 0.2 per cent 
Nitrogen 79.8 per cent 


Examples of atmospheres in common use in elec- 
tric heating chambers are: steam as used for the 
bright annealing of non-ferrous metals and noe 
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Fig. 32. Grephic Analyses of the Atmosphere of a Sealed Heating 
Chamber of an Electric Furnace During the Heating 
of a Charge of Steel Sheets 


hydrogen for its reducing (cleansing) action in the 
copper-hydrogen electric brazing furnace; the ven- 
tilation of heating chambers to supply a continuous 
supply of air for oxidation; and nitrogen for a neutral 
atmosphere. Also other gases, such as illuminating 
gas, natural gas, carbon monoxide, etc., are fre- 
quently used. Both the batch-type and the conveyor- 
type of heating chamber using electric heat can be 
sealed without reference to the source of heat and 
without the use of muffles. 


Time-temperature Relations 

The basis of all industrial heating problems is a 
knowledge of the effects of heat upon the physical 
and chemical properties of material. There is a 
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maximum permissible temperature for each material 
above which the material is either destroyed or 
rendered unfit for use. Industrial heating is con- 
cerned with temperatures below this maximum 
permissible temperature and with the time that the 
material is subjected to those temperatures. 

The effects of heat upon material at temperatures 
below the maximum permissible can be cataloged as 
follows: 


(a) Softening. An application of heat to facilitate 
working, to cause the material to flow freely, - 
or to relieve strains in the mass. The annealing 
of metals 1s not included under this term. 

(b) Promotion of chemical reactions. 

(c) Acceleration of solvent action. 

(d) Evaporation. The only use of heat which is 

concerned with the height of the barometer 

and atmospheric conditions. 

Baking. A hardening process effected by the 

action of heat. The result is permanent. 

(f) Melting. An extension of softening. Used either 

for the production of solid solutions or for 

pouring or casting the materials into forms 
in which the solid is desired. 

Changes in the crystal structure of metals. 

This effect of heat relates to changing or 

modifying the physical properties of a metal 

by some combination of heating and cooling. 


(e) 


(g) 


The effects of heat upon material can be further 
classified as: (1) surface effects, and (2) internal 
effects. Both may occur, and one or the other may 
be negligible or both may be important depending 
upon the particular material and conditions in each 
case. The atmosphere of the heating chamber must 
be taken into account as a factor in the surface 
effects and in many cases it is a factor in the internal 
effects as well. 

The relation of temperature and time in heating 
operations is a matter of individual study for each 
material. This can be illustrated by citing some par- 
ticular cases. In the evaporation of moisture by the 
use of heated air, if the moisture is within the body 
of the material, the rate of evaporation must be kept 
below the rate at which the moisture can be brought 
to the surface. Otherwise skin drying takes place 
with consequent damage to the material. Further- 
more, even if the moisture is present only on the sur- 
face of the material a certain interval of time is 
required for the transfer of the vapor to the air. 

Sand foundry cores are baked to develop strength. 
In the case of oil binders—which are widely used— 
the strength of the oil films, developed by oxidation 
to bind the sand grains together, depends both upon 
temperature and time. In this heat application there 
is a critical baking time for each temperature. With 
less than this time the maximum film strength is 
not developed, and beyond this time the strength 
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of the core begins to decrease. There is a maximum 
temperature, also, for maximum film strength. At 
temperatures above that value other reactions in the 
oil begin to reduce the strength of the film. This time- 
temperature relation for the oxidation of oils is illus- 
trated in Fig. 33. 

In the case of metals the size of the crystals (grains) 
is one of the determining factors in the physical 
properties of metals. Grain size is determined by both 
temperature and time. For example, in the familiar 


UA HI 

MAZA PUES LA 

A VIN I TNI ASN 

AOC ME U T 
á 

AS 


= 
N 
oy 


CATT ZC Tn 
CZ A 

iA a 
CAI A TA 
A A A A 
A r 
R COE 


10 
Baking Time ( Hours) 


» 


K+ 
|_| 


3 


RESSaS 


Maximum Strength Compression)(Per cent) 
o 
Ò 


E 


Fig. 33. Effects of Baking Time and Temperature on the Strength 
of Oil-bonded Sand Cores (Hansen) 


(Cores 2 in. dia. by 2 in.; 25 cc. linseed oil per kg. of sand) 


process of hardening steel, the finest grain structure 
is obtained when the temperature of the steel reaches 
the critical range. If the steel is held at that temper- 
ature, grain growth occurs. The higher the tempera- 
ture to which the steel 1s carried and the slower the 
cooling from that temperature the coarser the grain 
structure. | 

The scaling (oxidation) of steel is a surface effect 
which is often undesirable. Formation of scale begins 
at about 1200 deg. F., and the higher the temperature 
is above this value, the more rapid is the scale forma- 
tion. The duration of temperature application also 
affects the amount of scale formed. Thus, for example, 
in the annealing of steel the “soaking” period should 
be no longer than necessary if scale on the surface of 
the charge is to be minimized. — 

To raise the temperature of a given mass to a given 
value T; requires a certain quantity of heat. This 
quantity 1s determined by the rise in temperature, 
the mean specific heat of the material over the given 
temperature range, the density of the material, and 
in addition, by the latent heat if a change of state 
occurs during the heating. This is the statement 
expressed by Equation (2). 

Assume that all surfaces of the body are exposed 
to the direct flow of heat so that the thermal resist- 
ance in the path of heat flow is the minimum. Then 
the time required for the uniform heating of the 
body to temperature T; depends upon: 

(a) The diffusivity or thermometric conductivity 

of the material of the bodv. 


(Hansen: “Some Properties of Core Oils,” 


American Foundrymen's 
Association, 1926. 
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(b) The temperature of the heating chamber. 
(c) The value of k’ of the surface of the body. 
(d) The length of the heat path within the body. 


The diffusivity factor is expressed by the ratio 


Se. (10) 
pxs 
in which 
k = coefficient of thermal conductivity 
p=density 


s = specific heat 

All other conditions being the same, the higher 
the value of the diffusivity factor of a material the 
shorter will be the time required for the uniform 
heating of a body of that material. However, the 
value of k’ varies with different materials and in 
heating by a flow of heat from the surface into a body 
it is seldom that a direct comparison of the rates of 
heating can be made on the basis of the diffusivity 
factors. If the body being heated is very thin, the 
surface factor k’ alone governs the rate of tempera- 
ture rise of the material. For such cases, heat trans- 
fer curves similar to those that were given in Figs. 
13 to 17 can be applied, using in each case the proper 
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Curve .1: Heating chamber temperature, 1900 deg. F. 
Curve B: Heating chamber temperature, 1550 deg. F. 


Fig. 34. 


emissivity constant in Equation (8) for the radiation 
component of the heat flow. In the case of the re- 
fractory lining of furnaces where the thermal resist- 
ance of the refractory is high, the diffusivity factors 
of various refractories give a fair comparison of the 
rates of “heating up” of chambers using different 
refractory linings. 
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Values of the properties of materials for use in 
Equation (10) from “The Theory of Heat Conduc- 
tion,” by Ingersoll and Zobel, are given in Tables IV 
and V. These values are in metric units, and room 
temperature is assumed except where otherwise stated. 
Values for other materials and for other temperatures 
will be found in the Smithsonian Physical Tables. 


TABLE IV 
Material k s P h 
Silver.............. 1.0 0.055 10.53 1.737 
CODDEF + seis ewes 0.918 0.0914 8.88 1.133 
Aluminum......... 0.48 0.214 2.71 0.826 
Zinc...........008- 0.263 0.0921 7.11 0.402 
i) Oe A De ea 0.155 0.0523 7.28 0.407 
Nickel........ oe 0.142 0.106 8.81 0.152 
Mild Steel and a 
Wrought Iron foo" 0.1436 | 0.1055 7.85 0.173 
Cast lron and 
ia sedi 0.108 | 0114 | 7.82 | 0.121 
VGA oe ics oe eae Fa 0.0827 | 0.0308 | 11.32 0.237 
TABLE V 
Material k s P h 
Granite............ 0.0081 | 0.196 | 2.66 0.0155 
Limestone.......... 0.0050 0.217 2.50 0.0092 
Fire brick—0-800° C. | 0.0040 0.18 3.0 0.0074 
Cone rere). 25010027 1 021 2.30 | 0.0056 
Glass (ordinary)... . | 0.0024 0.161 2.60 0.0057 
Water............. 0.0014 1.0 1.0 0.0014 
Paraffin............ 0.0006 0.69 .0.90 0.0010 
Asbestos (loose)..... 0.0004 0.20 0.58 0.0035 
Air—O" A 0.000055| 0.237 0.00129 | 0.179 
TABLE VI 


TIME IN MINUTES TO HEAT l-IN. 


DIAMETER BAR FROM 70 DEC. F. 
Temperature at Center of Bar 
Deg. F 


Curve A Curve B 

*T,= 1900 *T = 1550 
1200. A O oe eee 3.25 6 
1400 (above critical range).... 5.0 12 
1500 A O ea ies 5.5 16 
Y A EN IEN Ste 19 
A a Yok wlan ee Mu 6.0 eee 
740 San is ols dots ceo ease 7.0 
T1800 Sica eats es es 8.5 


* T — heating chamber temperature. 


The effect of the heating chamber temperature 
upon the rate of heating of steel is shown in the 
time-temperature curves in Fig. 34. To obtain these 
data a one-inch diameter, 0.85-carbon steel bar 
was heated in a furnace chamber, held in each case 
at a constant temperature; for curve A at 1900 deg. 
F. and for Curve B at 1550 deg. F. The temperature 
rise of the steel was obtained by means of a thermo- 
couple located at the center of the bar. For conven- 
ience, values from these two curves are given in 
Table VI. 

An interesting group of time-temperature curves 
for steel given by Law ® is reproduced in Fig. 35. 


(5 Law: “Effect of Mass on Heat Treatment,” Journal Iron and Steel 


Institute, vol. 97, p. 333. 
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These curves were obtained by heating an 18-in. 
cube of steel ina heating chamber held constant at 
1650 deg. F. Thermocouples embedded in the steel, 
Tı 24 in. from the surface, Ta midway from surface 
to center, and Ty at the center of the cube, gave the 
respective curves Tı, Tz, and T3. 

Various empirical rules for rates of heating, par- 
ticularly for steel, have been derived from practice. 
For example: Steel bars can be heated at the rate of 
8 to 10 min. per inch of diqmeter. Such rules apply 
only to the results obtained with a given heating 
chamber temperature and method of heating and are 
of value only for the conditions of operation from 
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Heating chamber temperature 1650 deg. F. (Law) 


which they were derived. Calculations of the time 
required to heat given bodies are tedious; and in 
practice the rate of heating is determined by trial. 
The problem has been given analytical treatment 
by Gröber,® Gurney and Lurie,™® Williamson and 
Adams, © Schmidt, ® and Janitzky. “0 Thedata given 
by these writers is discussed by Trinks “1% who pre- 
sents the information in a convenient form for study. 
The value of the analytical method is, as stated by 
Trinks, that it enables engineers to obtain reasonably 
correct results without undue effort or expenditure 
of time. 


Heat Insulation 

The cost of heat units obtained from electric 
energy 1s high if compared with the same number of 
units obtained by the burning of a fuel the cost of 


(*) Gróber: “Die Erwármung und Abkúlung einfacher geometrischer 
Körper," Zeits, V.D.I., vot. 69, p. 705. 

C) Gurney and Lurie: Jour. Ind. "Eng. Chem., vol. 15, p. 1170. 

(3) Williamson and Adams: Physical Review, ‘vol. 14, p. 99. 

(») Schmidt: “Beiträge zur technischer Mechanik und technischen 
Physik.” (Springer, Beriin 1924). 

(19) Janitzky: Trans. Am. Society for Steel Treating. 1924. 

(1) Trinks: Industrial Furnaces, vol. 1, sec. ed. (Wiley and Sons, 1926). 
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which is the same as that of the fuel used to produce 
the electric energy. Even in the best-equipped power 
plants, from 15,000 to 20,000 B.t.u. are required to 
produce one kilowatt-hour of a thermal value of 3412 
B.t.u.; and to the cost of the fuel of the power plant 
must be added the fixed charges and the items of 
expense incurred in the production and delivery of 
the electric energy to the point of utilization. There- 
fore the conservation of heat is of primary importance 
in the economy of electric heating. 

Perfect heat insulation would be a barrier to the 
flow of heat by conduction, by convection, and by 
radiation, and in addition would have no heat storage 
capacity, t.e., its specific heat. would be zero. This 
last requirement is based upon the fact that heat 
stored in insulation is always a loss. 
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If a difference of temperature exists between two 
points in a substance there will be a flow of heat by 
conduction between these points, as expressed by the 
fundamental relation previously given: 


Temperature difference 


Heat flow = 
Thermal ohms 


The thermal ohm is defined in terms of unit area 
and unit length. Hence the resistance to the flow of 
heat by conduction in a given material is directly 
proportional to length of the heat path within the 
material. 

As a standard by which to judge the value of a 
substance as an insulator against the flow of heat 
by conduction it is convenient to take the arbitrary 
value, k=1. On this basis the thermal resistivities 
of gases are high. (See Table VII and note the excep- 
tional value of k for hydrogen.) Air is the only gas 
which is available generally for use as heat insulation, 
and its thermal characteristic is shown in Fig. 36. 
Liquids in general are poor heat insulators. For 
example, for water at 70 deg. F. k=4. In addition, 
the obvious difficulties and limitations in the use 
of liquids eliminate them from consideration as heat 
insulation. However, the heat-insulating value of 
liquids is utilized to some extent under certain con- 
ditions, a familiar example of this being the domestic 
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hot water tank in which a layer of hot water is 
accumulated on top of the cooler water in the lower 
part of the tank. The thermal conductivity of none 
of the solids reach the low value of k=1. The metals 
also are good conductors of heat, as shown in Tables 
I and IV. Silica is a solid much used in heat insula- 
tion and this substance has an average value of k=7. 

Both convection and radiation being flows of heat 
from (or to) surfaces—the value of k’ being fixed by 
certain conditions as previously noted—the degree 
of heat insulation against the flow of heat by these 
agencies is measured by the number of surfaces in 
series in the path of heat flow. 

From these considerations we arrive at the con- 
ception of an ideal physical barrier to the flow of heat, 
consisting of a series of very thin plates of a solid 
separated by very small spaces from which the air 
is exhausted (see Fig. 37). The plates would be a solid 
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material of the highest thermal resistivity obtainable 
and, being very thin, the heat storage capacity of the 
barrier would be a minimum. 

The first step toward the realization of this heat 
barrier in a practicable form is to assume that the 
spaces are filled with air. The introduction of air 


TABLE VII 

Gas *k 
Carini diode isk bid dade OES 0.089 
E A Ob bbb OR a RE 0.133 
NITO CO. its ds beeen 0.152 
OZV POU. x. ccs iaa rie na 0.163 
BEE EIA AA A PAE 0.165 
o AAA E 9.48 


* Comparative values at 32 deg. F. 


lowers the heat-insulating value of the barrier due 
both to the thermal conductivity of the air and to the 
addition of the convection component to the values 
of k’ for the surfaces. Hence if we would limit the 
value of heat flow through the barrier as established 
under given conditions with no air present in the 
spaces between the plates, the thickness of the bar- 
rier, t.e., the length of the heat path, must be in- 
creased to a new value, t. In doing this we have in- 
creased also the heat-storage capacity of the barrier. 
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The second step toward bringing this construction 
of a heat barrier into usable form is to provide cross 
supporting members between the plates as indicated 
. in Fig. 38, thus obtaining a cellular structure. This 
gives rise to the fundamental form of all heat insulat- 
ing materials, 1.e., a cellular or porous structure in 
which the heat insulating value is obtained by a 
large number of surfaces in series in the path of 
heat flow. 

A vacuum is not impracticable as a method of 
insulation against the flow of heat by conduction 
and convection save as its cost is greater than the 
gain derived by its use. If it is used, the exhausted 
space must be supplemented with a barrier against 
radiation. In the design of the laboratory type 
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Desirable properties of a material for use as heat 
insulation in the walls of heating chambers (in addi- 
tion to low thermal conductivity) are: 

(a) Low specific gravity 

(b) Low specific heat 

(c) Non-inflammable substance 

(d) Good mechanical strength 

(e) Permanence 

(f) Imperviousness to gases 

(g) A non-conductor of electricity 

(h) Not chemically active with metals 

(i) Easily workable into shapes. 

Heat-insulating materials are divided into three 
general groups according to the highest temperature 
which these materials will stand without damage. 
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Fig. 39. Diagram of Vacuum Electric Furnace 


vacuum electric furnace of Fig. 39 a radiation 
screen is combined with a vacuum to obtain a 
high degree of heat insulation. While this furnace 
‘ is in operation the air in the chamber together with 
the gases given off from the charge of material 
being heated are removed by a pump in contin- 
uous operation. The heat confined within the space 
enclosed by the radiation screen is limited in tem- 
perature only by the volatilization of the mate- 
rials used for the heating unit and the screen. 
With graphite, as used in standard furnaces of this 
type, 2400 deg. C. is a practical operating tem- 
perature. 

The cost of the vacuum furnace construction 
increases rapidly with the size of the heating 
chamber; and it is not an economical type for the 
ovens and furnaces in industrial use. For these, 
the walls of the heating chamber must serve as an 
enclosure and to limit the flow of heat to the sur- 
rounding air. i 


Group I. Organic materials: cotton, wool, hair, saw- 
dust, cork, etc. As a group the limiting temperature 
is about 250 deg. F. By limiting temperature is 
meant the sustained temperature of the inner face 
of the material when it is used in the wall construc- 
tion of heating chambers. 

Group II. Inorganic materials: asbestos, magnesia, 
mineral felts, etc. As in Group I, the limiting tempera- 
ture of these materials varies; but the upper value 
for the group is around 1000 deg. F. 

Group III. Inorganic materials, mainly earth 
products. Refractory substances, although of some 
value as heat insulation, are not classed as heat in- 
sulators. The limiting temperature for each product 
varies with the form in which the material is pre- 
pared for use and falls within the temperature range 
of 1000 to 2000 deg. F. 

The materials of these groups are either fibrous, 
cellular, or porous. In fibrous materials the interlacing 
of the fibres serves to trap a multitude of minute 
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volumes of air and in effect the structure is the same 
as the cellular and porous structures. In whatever 
form insulating material may appear as a manufac- 
tured article, the internal structure is natural. 

The porous structure which provides a large number 
of surfaces in series in the path of heat flow is well 
illustrated by the earth product diatomite, much 


Fig. 40. Photomicrograph of a Diatom 
(Magnification, 245 diameters) 


used for heat insulation. Diatomite is the siliceous 
residuum left by the decay of minute marine plants— 
diatoms—which existed ages ago. In the course of 
time the accumulation of billions of these micro- 
scopic shells formed beds in various parts of the 
world. Many forms of the plants have been identified 
and a number are shown in the group photomicro- 
graph appearing on the front cover of this issue. 
More details of the porous structure of these plants 
can be seen in the photomicrographs in Figs. 40, 
41, and 42. (12 

Heat-insulating materials are inherently weak struc- 
turally and must be supported in the wall structure. 
To obtain a certain degree of mechanical strength 
the materials of Group III are sometimes partially 
burned, thus obtaining a certain degree of vitrifica- 
tion. This lowers the insulating value of the material 
to the extent that the porosity is decreased. At the 
low temperatures of ovens, steel plates for the inner 
support of the wall of insulation can be used. In 
such cases an insulating material with a limiting 
temperature above the temperature of the heating 
chamber must be used. For furnaces, a refractory— 
usually fire brick—is required to give strength to 
the heating chamber structure and also to protect 
the inner face of the wall section of heat insulation 
from the heating chamber temperature. A construc- 


(12) The cover illustration and Figs. 40, 41, and 42 are reproduced 
from “The Economic Importance of Diatoms.” by Dr. Albert Mann, 
Annual Report of the Smithsonian Institution, 1916. 
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tion of this kind is shown in Fig. 29. The classifica- 
tion of heat-insulating materials suggests the use of 
a graded insulation in the order of Groups III, II, 
and J. This is practicable to a certain extent. How- 
ever, it introduces no new principle in the insulation 
of heating-chamber walls. 

With a heating chamber held at constant tempera- 
ture the flow of heat through the wall to the sur- 
rounding atmosphere is constant. For heating equip- 
ment in continuous service the extent to which heat 
insulation can be used with economy to limit the rate 
of flow through the wall is the balance between the 
capital charge on the investment due to the insula- 
tion and the value of the heat saved by its use. The 
saving in heat accomplished by the addition of a 
given thickness of insulation falls off rapidly as the 
thickness of the wall of insulation is increased. The 
investment charge against the insulation increases 
faster than the heat savings secured by increases 
in wall thickness. A discussion of the economics of 
heat insulation for continuous service by McMillan 09 
gives both the analysis and the application of this 
principle. 

For heating chambers which are in intermittent 
service the conditions pertaining to the economies 
of heat insulation differ because of the loss of heat 
stored in the walls when the heating chamber cools 
between periods of use. Assume that the heating 
chamber is of the construction shown in Fig. 29, 
t.e., that a refractory lining is needed to protect 
the heat insulation. The heat flow through the 


Fig. 41. 
(Magnification, 300 diameters) 


Diatom of Triangular Shape 


refractory lining must be sufficient to cause a tempera- 
ture drop within the refractory lining sufficient to 
limit the temperature at the inner face of the insu- 
lation to its given limiting temperature. For given 
temperature conditions in the heating chamber, 7,, 
and of the surrounding air, 7,, the rate of heat flow 


(13) McMillan, “Heat Transfer through Insulation," American Society 
Mechanical Engineers, 1926. 
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through the wall is determined by thermal resistance 
in the path of heat flow. The thermal resistance 
of the refractory lining is but a small part of the 
total resistance so that the rate of heat flow through 
the wall is determined by the thickness of the section 
of heat insulation. Thus the temperature limitation 
of the heat insulation fixes its own thickness for a 
given thickness of refractory lining. Increasing the 
thickness of the heat insulation to decrease the rate 
of heat flow requires a corresponding increase in the 
thickness of the refractory lining. 

Fire brick, which is the usual refractory lining, 
has a weight about five times the weight of the heat 
insulating material of Group III. The specific heats 
of the two materials are of about the same value. 
The mean temperature of the fire-brick lining, due 
to its location next to the heating chamber, is much 
higher than the mean temperature of the heat insulat- 
ing section of the wall. As a consequence of these 
conditions, most of the heat stored in a composite 
wall structure of this kind is stored in the fire-brick 
section of the wall. Hence, in increasing the thick- 
ness of the heat insulation to decrease the rate of heat 
flow through the wall, the heat-storage capacity of 
the wall structure is increased at a greater rate. 

The total loss of heat from a heating chamber 
during a given period of time is the sum of the loss 
through the walls and the loss of heat stored in the 
wall. As already noted for the continuous operation 
of a heating chamber over a long period of time, 
the heat stored in the walls is a comparatively 
small item in the total loss and can be neglected. 
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Fig. 42. Star-shaped Diatom 
(Magnification, 575 diameters) 


For intermittent operation—which is more general 
in industrial practice—the stored heat loss may 
be an important item. Under this condition an eco- 
nomic balance between the heat flow through the walls 
of the heating chamber and the loss of heat stored 
in the walls is that for a given period of operation 
these two losses should be equal in amount. Thus 
in the heat-balance diagram of an electric furnace, 
Fig. 43, the quantity hı, heat stored in the walls, 
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should be the same as the quantity hz, the heat flow 
through the materials of the walls. This balance 
does not include the heat loss through openings, 
door cracks, etc., nor does it include the ““open door” 
loss, all of which are independent of the heat insulation 
value of the walls. While this principle of balanced 
losses can be only approximated in practice, it serves 
as a guide in the determination of the character of 
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Fig. 43. Heat-balance Diagram of an Electric Furnace 


the wall structure in its relation to the economy of 
operation of the heating chamber. In case of ovens 
the heating-chamber wall construction usually con- 
sists only of heat-insulating material with the neces- 
sary metal supports. At the low temperatures used, 
and with the light weight of the heat-insulating 
material, the quantity of heat stored in the walls is 
not large and is not apt to be a factor of importance 
in the economy of oven operation. 


Quality and Uniformity of Product 

In heating operations, the degree of quality and of 
uniformity of the product desired is a determining 
factor in the choice of the method of heating. Quality 
and uniformity, while related, are not the same. The 
object of heating is to bring about certain changes— 
either temporary or permanent—in the properties 
of the material. Quality refers to the attainment of 
these properties in the unit mass whereas uniformity 
relates to the degree of sameness of all units of a 
given quantity of material. One may be of more im- 
portance than the other. 

Both quality and uniformity depend upon the 
degree of control over the flow of heat into the mate- 
rial, and, in some cases, control over the flow of heat 
out of the material. The most exact heating and 
cooling procedure is required where a high degree cf 
both quality and uniformity is required. The impor- 
tance of the degree of control over the heat flow gives 
a classification of heat applications which will be 
designated as: (a) heat processes, and (b) heat-treat- 
ment processes. 

A heat process can be defined as an application 
of heat in which there is considerable latitude in the 
temperature attained by the material and this with- 
out materially affecting the value of the result of the 
heat application. In the burning of brick the product 
of the kiln may vary over a certain range of vitrifica- 
tion as there is a market for the various grades of 
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brick so produced. The cost of producing a uniform 
product in this case would be greater than the gain 
resulting from this uniformity. In the heating of 
steel ingots to be rolled into structural shapes, the 
value of the steel is not sufficient to warrant a very 
close control of the heating operation. With alloy 
steels of much higher value, refinements in the method 
of heating are warranted. The melting of metals to 
be cast into pigs is a crude heat process. However, 
if the metal is to be poured for a definite purpose in 
which the properties of the cast metal are influenced 
by the temperature of pouring, the melting operation 
is more than a simple heat process. Many heat proc- 
esses are becoming more and more refined as the de- 
mand for better and more uniform products increases. 
In the preceding paragraph the heat-treatment 
process has in a measure been defined. In a broad sense 
a heat-treatment process is an application of heat to 
produce a product in which quality and uniformity 
are essential. The term has been applied generally 
to heat operations on metals. It is equally applicable 
to any use of heat under the conditions already 
specified. Typical heat-treatment processes are: bak- 
ing bread, baking varnish, hardening steel, annealing 
metals, annealing glass, firing vitreous enamels, etc. 
In between what is definitely a heat-treatment 
process and what is equally distinct as a heat process 
there are many applications which partake to some 
degree of both. How far to carry the exactitude of a 
heat-treatment process in any given case depends both 
upon the use to be made of the product, and its value. 


Efficiency of Heating Chambers 

In the operation of a heating chamber we are con- 
cerned with three efficiencies: 

(a) The conversion efficiency 
(b) The operating efficiency 
(c) The quality efficiency. 

The conversion efficiency 1s the same as the con- 
version efficiency of any energy-converting device, 
1.e., it is the ratio of the useful energy to the total 
energy supplied during a given period of time and 
under given conditions. In the case of a heating 
chamber the given conditions are a specified tempera- 
ture, weight, and nature of charge. (While it is true 
that in electric heating the conversion from electric 
energy to heat is total, t.e., 100 per cent efficiency, 
by conversion efficiency 1s meant the percentage 
of the total heat that does useful heating). The 
useful heat includes the heat absorbed by all parts 
put into and removed from the heating chamber with 
the charge as well as the heat absorbed by the 
material of the charge. The total energy supplied 
is the sum of the useful heat, the heat losses through 
the walls, door, etc., and the heat absorbed by the 
walls of the chamber. In practice the useful heat 
must be calculated (using Equation (2)) and hence 
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the efficiency as just stated is not a measurable value. 
The more convenient method of expressing efficiencies 
in electric heating is to state the result in pounds per 
kilowatt-hour, or kilowatt-hours per ton. In this way 
we have measurable quantities. 

The operating efficiency of a heating chamber is 
the joint result of the conversion efficiency and of the 
method of operation. With conveyor-type heating 
chambers designed to operate continuously under 
fixed conditions and operated in that way, the con- 
version efficiency and the operating efficiency are 
the same. This would be true also with batch-type 
heating chambers if the definite method of operation 
upon which the conversion efficiency is based is 
followed in the use of the chamber. Such, however, 
is seldom the case, the variable factors being the 
weight of the charge, the method of loading, including 
weight of supports used, length of heating period, 
““open door” loss, elapsed time between charges, and 
the temperature at which the heating chamber is 
held between charges. Thus with a given heating 
chamber the operating efficiency for heating a given 
material to a given temperature may vary over a 
wide range. 

Quality efficiency is difficult to define and yet it 
is a very tangible value in industrial heating. In an 
appreciation of this factor lies much that has to do 
with the use of electric heat in heat-treatment proc- 
esses. The expression “pounds per kilowatt-hour’’— 
or, in case of fuel-fired heating chambers, ‘‘pounds per 
stated number of B.t.u. supplied’’— does not take 
into account either the quality or the degree of 
uniformity of the product of the heating chamber. 
Both quality and uniformity have a market value. 
For articles made by a manufacturer for his own 
use, such as tools, these two factors are important 
in the results that may be obtained from machines. 
For articles made for sale, market conditions may 
limit the price so that quality and uniformity cannot 
be capitalized. However, in such cases quality and 
uniformity create volume in sales, which is essential 
to profitable production of such goods. As stated in 
a previous paragraph, quality and uniformity depend 
upon the degree of control over the flow of heat 
into the charge of material. The principle which is 
the basis of the growth of electric heating is the per- 
fection of the control of electric energy. This in the 
electric heating chamber means control over the flow 
of heat. Hence without recounting the many advan- 
tages accruing from the use of electric heat the basic 
reason for its industrial use lies in the betterment of 
the quality and uniformity of the product of the 
heating chamber, t.e., higher quality efficiency. 

The writer acknowledges with appreciation the 
assistance of E. E. Steinert in the preparation of a 
number of the diagrams appearing in Parts I and II 
of this serial. 


(To be continued) 
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Condensed references to some of the more important recent 


articles in the technical press, and to new books of interest to 
the industry, as selected by the General Electric Main Library. 


Air 
Atmospheric Air in Relation to Engineering Problems. 
Hermann Eisert. 
Am. Soc. Heat. & Vent. Engrs. Jour., Aug., 1927; v. 33, 
pp. 459-465. l 
(Its properties and behavior.) 


Amplifiers, Vacuum Tube 
Application of Vacuum Tube Amplifiers to Submarine 
Telegraph Cables. Austen M. Curtis. 
Bell System Tech. Jour., July, 1927; v. 6, pp. 425-441. 


Use of Tubes Having High Amplification. A. V. Loughren. 
Radio Broadcast, Aug., 1927; v. 11, pp. 238-240. 
(“A discussion of the theory underlying the function- 
ing of high-mu tubes.’’) 


Arc Welding 
Rational Design of Structural Steel Joints for Arc-Welded 


Connections. A. M. Candy. 
Engrs. Y Engng., Aug., 1927; v. 44, pp. 204-211. 


Study of Electrode Heating. J. B. Green. 
Am. Weld. Soc. Jour., July, 1927; v. 6, pp. 22-29. 
(On electrode heating in connection with arc welding.) 


Busbars 
Indoor Bus-Support Tests. Raymond C. R. Schulze. 
Elec. Wid., Aug. 13, 1927; v. 90, pp. 311-313. 
(An account of tests made by the Duquesne Light Co.) 


Carrier-Current Communication 
Telephone Communication Over Power Lines by High- 
Frequency Currents. C. A. Boddie. 
Inst. Radio Engrs., Proc., July, 1927; v. 15, pp. 559-6 !0. 
(Extensive paper on the theory and equipment in- 
volved.) 


Electric Cables 
New York's 132-Kv. Cable in Service. 
Elec. Wld., Aug. 13, 1927; v. 90, p. 325. 
(A note on the ‘‘twelve miles of single-conductor, hol- 
low-core, oil-filled cable from Hell Gate generating 
station to Dunwoodie substation.””) 


Electric Current Rectifiers 
Mercury Arc Power Rectifiers; Their Applications and 
Characteristics. O. K. Marti and H. Winograd. 
A.I.E.E. Jour., Aug., 1927; v. 46, pp. 818-826. 


Electric Drive—Hoisting and Conveying 
Motor Drives for Elevators and Conveyors. Gordon Fox. 
Blast Fur. & St. PI., Aug., 1927; v. 15, pp. 372-375. 
(Serial.) 


Electric Drive—Machine Tools 


Portable Electric Tools for High-Frequency Current. C. B, 
Coates. 
Am. Mach., Aug. 11, 1927; v. 67, pp. 219-220. 
(Discusses the advantages of tools operated on 180 
cycles per second.) 


Electric Lighting—Printing Plants 


Relation Between Illumination and Efficiency in Fine 
Processes, with Special Reference to the Lighting of 
Printing Works. H.C. Weston. 

Illum. Engr., Aug., 1927; v. 20, pp. 221-226. 


Electric Measurements 


Measurement of Inductance by the Shielded Owen Bridge. 
J. G. Ferguson. 
Bell System Tech. Jour., July, 1927; v. 6, pp. 375-386. 


Electric Meters 


How Frequency Meters Operate. E. H. Stivender. 
Power, Aug. 2, 1927; v. 66, pp. 164-167. 


Electric Meters—Testing 


Accurate Timing Device for Meter Test Work. E. A. 
Corum. 
Elec. Wld., Aug. 6, 1927; v. 90, pp. 265-266. 


Electric Motors, Synchronous 


Starting Performance of Synchronous Motors. H. V. Put- 
man. 
A.I.E.E. Jour., Aug., 1927; v. 46, pp. 794-801. 
(Theoretical treatment. Abridgment.) 


Electrical Machinery— Mechanical Stresses 


Mechanical Forces in Transformers. J. E. Clem. 
A.I.E.E. Jour., Aug., 1927; v. 46, pp. 814-817. 


Electrical Machinery—Parallel Operation 


Parallel Operation of D. C. Generators and of D. C. Gen- 
erators with Synchronous Converters. Ernest Pragst. 
Iron & St. Engr., Aug., 1927; v. 4, pp. 358-363. 


Parallel Operation of Synchronous Converters for Steel Mill 


Applications. W. B. Shirk. 
Iron & St. Engr., Aug., 1927; v. 4, pp. 356-357. 
Excitation 


High-Speed Excitation for Generators. G. F. Hamner. 
Elec. Wld., Aug. 6, 1927; v. 90, pp. 261-263. 
(‘‘Factors taken into consideration in the adoption of 
a high-speed excitation system for the Lock 18 
hydro-electric plant of the Alabama Power Co.’’) 


Grounding 
Grounding. E. M. Wood. 
Bul. of Hyd. Pr. Comm. of Ont., July, 1927; v. 14, pp. 
262-286. 
(A he read before the Assoc. of Municipal Electrical 
tilities.) 


Hydroelectric Plants— Testing 


Results of Efficiency Tests at Wilson Dam. L. B. Feagin. 
Power PI. Engng., Aug. 1, 1927; v. 31, pp. 832-835. 


Insulation 
Insulation and Short Waves. C. F. Forbes-Buckingham. 
Elec'n., Aug. 12, 1927; v. 99, pp. 192-193. 
(On problems of insulation in connection with radio 
construction.) 


Mercury Turbines 
Mercury-Vapor Equipment for South Meadow Station. 
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Applied Magnetism. T. F. Wall. 262 pp., 1927, N. Y., 
D. Van Nostrand Co. 


(A practical text on the elementary theory and the appli- 
cations of magnetism, of which the author says: “In 
view of the wide and increasing industrial importance 
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exists for a book of moderate size which would give 
a reasonably complete survey of this branch of elec- 
trical engineering. The present book has been written 
in the hope that it will help to meet this need. In the 
first part of the book the principles of applied mag- 
netism are considered and a brief account of the elec- 
tron theory of magnetism is included, which theory, 
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former, the pressures are below the range considered, 


while the latter is not wholly a phenomenon of gaseous 
ionisation. The volume is divided into three parts. In 
the first, the Introduction, a very brief outline 1s given 
of the ionic theory of conduction in gases generally; 
in the second Sparkover is considered; the third 
Corona, which is here used as a general term, including 
dark, glow, and brush discharges." The work is chiefly 
a résumé and exposition of the theories and phenom- 
ema of certain types of gaseous conduction, as noted 
by various investigators. In addition to a certain 
amount of purely theoretical matter, there are pro- 
vided many diagrams showing results of actual experi- 
ments. Numerous bibliographic footnotes refer to the 
literature on which much of the text is based.) 
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trial products. A readable volume for the layman.) 
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AN ENGINEER'S VIEWPOINT 


Cab of one of the locomotives on the Paulista Railway. An article detailing the economies secured by this electrification appears on p. 595 


From the upper left toward the right are the headlight switch and cablight switch, in a vertical group a trolley voltmeter, gauge light and speed- 
ometer; downward, the bell cord, reversing lever, regenerating and motor-field shunting control lever, main control lever, automatic bell ringer, pantograph control 
valve, and sander valves; on instrument panel the gauge light, double-scale line ammeter and field ammeter and the reservoir and train-line air pressure gauge and reservoir 
and train-line vacuum gauge; to the right the combined automatic air and vacuum brake valve; at window corner the locomotive straight-air brake valve; and at the right the whistle cord. 
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OLIVER HEAVISIDE AND HIS OPERATIONAL MATHEMATICS 


Heaviside was born in London May 13, 1850, and 
died at Torquay February 4, 1925. His death was 
unexpected and was the indirect result of a fall from 
a ladder early in 1925. For many years he had lived 
alone, apparently quite isolated from his family and 
friends, his principal contact with the world being 
through his ‘“Bobby’’—a policeman who bought and 
delivered his supplies. 

At the time of his death he was a strikingly hand- 
some old man with snow-white beard and hair, keen 
friendly eyes, delicate hands, and real grace of man- 
ner; and he was exceedingly kind and generous. 
When once privileged to know him, one could not 
help loving him. His home—on top of a hill—-over- 
looked a bay, and it would be difficult to find a more 
beautiful view in any country. Heaviside admired it 
and often referred to it in conversation. He had the 
soul of an artist; perhaps, indeed, he was an artist. 
Certainly his father was; to judge by an oil painting 
he made of little Oliver climbing a fence in a pasture. 

While Heaviside's home was not well kept, he 
himself was, and he might have served admirably for a 
type of the gentleman scholar of the olden days. 

Little is known of his history as he was exceedingl y 
reluctant to speak about himself and had evidently 
asked his brother, who also lived in Torquay and 
survived him by only three weeks, not to give any 
facts about his career. 

He was a prolific writer of letters as well as of 
scientific articles, and his penmanship was unusually 
beautiful. He made his own pen and ink, because 
“with any commercial pen the ink would not flow 
uniformly.” His letters were like pictures and the 
writing very small. Yet, he did not use glasses. His 
hearing was impaired and he was sensitive to this 
defect, but conversing with him was not difficult. 

In a tribute to Heaviside, Bethenot gives a very 
interesting sketch of his contributions to science as 
well as some facts about his life. From this and other 
sources it appears that he was connected with the 
Great Northern Telegraph Company at New Castle- 
on-Tyne until 1874. He was a nephew of the famous 
telegraph engineer Sir Charles Wheatstone, and prob- 
ablv was influenced by him in choosing his career. 

He had at least a fair elementary school education. 
Of mathematics he had studied algebra and trigo- 
nometry in school but apparently nothing beyond. He 
made some contributions to electrical literature at 
twenty, and began his own serious mathematical 
preparation in 1873 when he decided tolearn Maxwell’s 
Electro-magnetic Theory. He practically ceased his 
scientific work in 1912 at the age of 62. 


The increasing importance of studying transient 
phenomena in electrical transmission and machinery 
is responsible for the present interest in Heaviside’s 
Operational Mathematics. 

The greater part of Heaviside’s work is to be found 
in his three volumes on Electro-magnetic Theory and 
in two volumes of Electrical Papers. 

The first volume deals largely with Vector Analysis. 
This phase of his work is easily understood but is not 
necessary to an understanding of his Operational 
Mathematics introduced in the second volume. There, 
unfortunately, he plunges into problems which lead to 
fractional integration and differentiation and neces- 
sitate the most cautious use of the Operational 
Method. Indeed, he begins by practically admitting 
that certain of hissmathematical transformations are 
not as evident as they seem and that great caution 
must be exercised. Without the aid of supplemen- 
tary instruction, these and similar reservations have 
tended to discourage a study of his work. Again, 
when he introduces the important Expansion Theorem 
he evidently considers it too self-evident to require 
a proof. It is also unfortunate that he did not 
devote a few pages to discussing his Unit Function, 
the foundation of his whole structure. It would be 
highly interesting and instructive to learn just how 
he arrived at his method. 

There can be no doubt that Heaviside had a clearer 
idea of his operators than ‘he put down in writing. 
Because of this handicap to students of the subject, 
we feel ourselves fortunate in securing for the REVIEW 
an exposition of this type of calculus as applied to 
the mathematical solution of many problems that 
confront the electrical profession. Dr. E. J. Berg, 
a personal friend of Heaviside, contributes the serial. 
For many years Dr. Berg has taught this form of 
mathematics at Union College and has elsewhere 
delivered many instructive lectures concerning its 
application. At first a course was given to Gradu- 
ate Students only, later to Senior Electrical Engineers,” 
and within the last few years to Juniors. Experience 
indicates that after Juniors have become familiar 
with the physical aspects of inductance, capacity, and 
mutual inductance, they can advantageously be 
introduced to Heaviside’s Work and b2 shown that 
the very important representation of vectors by com- 
plex numbers is only a special case of Heaviside’s 
operational solution. 

Because most labor saving tools must be thor- 
oughly understood to be productive, Dr. Berg’s sim- 
ple interpretation of this otherwise difficult subject 
should prove most welcome. 
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The Manufacture of Insulating Oil 


Specifications Exceedingly Simple in the Beginning—Different Methods Used to Produce Oil—Two 
General Varieties of Crude Oil—Details of the Refining Process—Increase in the Rigidity of 
Specifications Adds to Complexity of Refining Problems—Great Care Used in Shipping 


By FLORUS R. BAXTER 
Chief of Testing Laboratories, Vacuum Oil Company 


This article possesses the rare combination of being, first, an interesting and instructive story 
about a subject that is of concern to almost all electrical engineers, but comparatively unknown 
to them, and second, a fund of background information that may prove most useful to those who 
are making a specialized study of the service characteristics of insulating oils. —EDITOR 


A reference to the kinds of oils which were tried 

in this service, found in one of the editions of 
Holde's “Examination of Hydrocarbon Oils,” states 
that “the high boiling distillates of 
crude mineral lubricating oils are 
being used for this purpose in in- 
creasing amounts,” and that ““thrice 
refined rosin oil’’ was reported to 
have been found of better insulat- 
ing value than the mineral oils, but 
possessed the objectionable feature 
of a higher volatility. 

The writer’s first knowledge of 
such use, and the beginning of the 
realization that special care was 
needed to prepare transformer oils 
properly came through a complaint 
which stated that the purchaser had 
found that his last shipment of oil 
“contained too much water.’’ The 
complaint also stated that it was 
possible to use an oil containing 
one-half of one per cent of water, but that the con- 
tent of the last shipment had been considerably more 
than this amount. 

The oil shipped to this purchaser was neither a 
distillate lubricating nor a rosin oil, but was an 
undecolorized steam-refined cylinder stock. This was 
a residual from the distillation of a paraffin-base crude 
oil obtained from northwestern Pennsylvania, which 
territory still yields the same grade of crude. The oil 
was supplied in 1893. This grade of oil had been used 
for several years for the lubrication of steam cylinders 
and is still employed for this purpose. 

After the ‘first experiments with transformers had 
proved that cylinder oil actually lowered the oper- 
ating temperature in addition to having a good 
insulating effect, succeeding steps were taken to learn 
if oils of lower viscosity, and consequently greater 
mobility due to convection currents when heated, 
would not be more desirable. It was to the so-called 
“neutral stocks” that attention was turned be- 
cause of the range of tests which they could be prepared 
to meet, as well as because of their responsiveness to 


[as use of oils in transformers began about 1885. 
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the treatments given. The early neutral oils were the 
oils which had been fractionally-distilled and cold- 
pressed to remove the wax, and were called “neutral” 
because it was unnecessary to give them a chemical 
treatment for decolorizing. 

In the early experiments with 
lubricating systems, it was believed 
that mineral oils were practically 
indestructible as far as ordinary 
causes were concerned. The steam 
turbine was the first device which 
taught not only manufacturers of 
apparatus, but also oil refiners, that 
there were limits beyond which the 
commercial grades of oil then being 
made could not be used without de- 
composition. So also in the earlier 
transformers, little thought was 
given to the lasting qualities of the 
oil for the reason that no one appre- 
ciated the fact that mineral oil could 
be oxidized under certain conditions, 
with the resulting formation of bodies 
that, while they themselves might not be detrimental, 
so influenced the normal operation of the oil as to be 
open to serious objection. 

The first specially prepared transformer oil was 
adopted in February, 1899. For several months pre- 
ceding that date a line of stocks which, it was believed, 
would be satisfactory for finishing into transformer 
oils had been accumulated, finished, and tested to 
determine their dielectric strengths. The method of 
testing for moisture previous to this time had been to 
plunge a red-hot iron into the oil, and if it did not 
“crackle,” due to the presence of moisture, it was 
considered satisfactory. 

From the time of the adoption of the specially 
prepared transformer oil extreme care has been exer- 
cised in the development of all transformer and circuit 
breaker oils; and during the past twenty-five years it 
has required a large expenditure of productive effort 
on the part of the refiner, as well as a very close 
co-operation with the electrical manufacturers, to 
determine the necessary requirements and to keep 
pace with the rapid advance which has been made in 
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the development of new transformers, circuit break- 
ers, and switch equipment. 


Selection and Sources of Oils 

A satisfactory transformer oil should have the 
following properties: be a good electrical insulator, be 
non-corrosive, have no tendency to take up moisture, 
be non-flammable under the conditions of its use, be 
capable of dissipating heat, stable in service, and com- 
mercially available in large quantities. Experience has 
shown that certain fractions of petroleum or crude oil, 
when properly refined, meet these conditions better 
than any other known substance, and that some of 
these fractions meet them even better than others. 


Fig. 1. 
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amount the United States produced 764 million 
barrels, or 72 per cent, with Mexico next in line with 
114,824,000 barrels. Other countries with a yield of 
10,000,000 barrels or more include Russia, Persia, 
Dutch East Indies, Venezuela, and Roumania. The 
other producing countries varied from one to ten 
million barrels each. 

Since our own country furnishes so large a part of 
the world’s supply of oil one might think that most 
of the wells drilled were successful. Figures obtained 
in 1925 show that of the 25,623 wells completed, 
6734 were dry holes producing nothing in return 
for the money expended in their drilling. Gas was 
found in 2330 wells which may or may not have 
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Crude Oil Being Unloaded from Steamer. Note the special facilities 


with which the dock is provided 


The factors involved in making good oils range 
from the selection of a proper crude oil from among 
those known to be procurable in ample quantities, 
through the various stages of distillation, treatment, 
filtration, drying and testing, to the careful condi- 
tioning of the packages or containers which makes it 
possible to deliver a truly finished product to the 
consumer. In addition it must be remembered that 
most of the operations are in bulk. 

Petroleum is widely, but not very evenly, distrib- 
uted; that is, it may be found in almost any part of 
the earth, but its exact location is uncertain either 
because of localized formations or of migration after 
it is formed. It occurs in a large number of geologic 
formations, the principal exceptions being the very old 
and the very recent ones. The United States is fortu- 
nate in possessing so much crude oil, and at the same 
time is unfortunate in producing it so abundantly, 
because the ease with which it has been obtained has 
led to unnecessary waste which may prove regrettable. 

In 1925 the world’s production of petroleum was 
1,066,208,000 barrels of 42 gallons each. Of this 


been utilized, depending upon the amount produced. 
If it occurs in a well which also produces oil it is known 
as casinghead or wet gas and may be passed through 
one of the three extraction processes—compression, 
absorption, or refrigeration—in which the “cas- 
inghead gasoline”” is removed and the dry gas pumped 
into the main. If the well does not also produce oil 
the gas found is dry and may be used in its natural 
state for lighting and heating. It remains for the 
16,559 producing oil wells with their average initial 
production of 260 barrels per day to hold up the 
record of our country in supplying that product which 
has become so necessary to the pleasure and welfare 
of the world. The average production of all wells 
(new and old) was only 6 barrels per day during 
the year 1925. 

It is not safe to predict how long our crude supply 
will last. Many estimates made in the past have 
been so greatly exceeded, and geologists differ so 
widely in their opinions, that it is impossible to give 
any authentic figures as to amount of petroleum 
remaining within the United States. However, new 
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methods of recovery as well as much favorable terri- 
tory which has not been tested give promise of a 
fairly long period of production, although quite 
obviously the present rate of production cannot be 
expected to last forever. 

While the task of locating new wells is now left to 
geologists, in order to limit the number of dry holes 
as much as possible, even they are not always sure. 
A casual study of the topography of the exposed 
strata, and of the successive rocks in drilled wells in 
oil-productive territory tells the story as to why this 
is unavoidable. The geologist, however, is now in 
possession of so many facts concerning the relation 
of observations of surface and strata to possible 
oil production that, with the exception of pure ‘ wild- 
catting,’’ the chances of striking petroleum after 
he has given serious thought to the location of the 
well are better now than ever before. 

He has in addition to this store of knowledge two 
pieces of apparatus which have recently come into 
use in the Gulf Coastal region, viz., the seismograph, 
and the torsion balance. The seismograph is expected 
to differentiate the oil-bearing from the non-oil- 
bearing strata by recording differences in the time 
required for vibrations to travel a given distance. 
It has been reported to be more successful in its find- 
ings than the torsion balance, which depends for its 
results on the differences in the gravitational pull of 
the submerged strata. It 1s hoped that one or both 
of these instruments may prove more reliable than 
the old forked stick, or water-witch ‘‘methods.’”’ 


Methods of Obtaining Oil 

The principal mechanical methods of drilling in us2 
at present are the rotary drill, and the cable tool. 
With the first a well is sunk by rotating a cutting 
bit attached to a stem. This method is used for ordi- 
nary formations which are not excessively hard. The 
second operates by a percussion method. Aside from 
the motive power, the cable tool apparatus consists 
of a bit, a drill, a stem, drilling jars, a rope socket and 
a wire or rope line to elevate and drop the tools. 
Owing to the slaty formations found in foreign 
countries the cable tool is used there almost entirely. 
There is much discussion at present regarding a 
process of mining for oil which has recently been 
patented. Its operation is very similar to coal mining 
but it has not yet been put to practical use. 

After a producing well has been completed, facilities 
for storage must be provided. These may be large 
steel tanks erected in the field, or may be what is 
known as earthen storage, which consists of a large 
reservoir scooped into the ground to retain the oil 
until it can be piped away or placed in tanks. The 
latter method is often used as an emergency measure 
when a large well or a gusher comes in unexpectedly. 

The oil as it comes from the ground is not always of 
a quality that can be used without treatment. It 
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must first be treated to remove the earthy sediment 
and water which are found in varying amounts. There 
are many ways in which this may be accomplished, 
some of the most usual being a settling process, 
dehydration by heat, treating with centrifugal 
machines, chemical treatment, electrical dehydration 
and filtration. The quality of the oil to be treated 
has much to do with determining what process shall 
be used. After this preliminary treatment to remove 
solids and water the oil is transported by pipe lines, 
tankers, or tank cars to the refinery. 


Types of Crude Oil 

There has been much discussion of various types 
of crude oil, some of which is rather misleading. They 
are frequently spoken of as Paraffin, Naphthenic, or 
Asphaltic base as if there were a sharp differentiation 
between them, although in reality this is seldom the 
case. The crude is usually named from the hydrocar- 
bon constituting the largest percentage of its make-up 
or, if it contains appreciable quantities of sulphur 
or asphalt, it may be called a sour or an asphaltic 
crude as the case may be, even though it may be of a 
paraffin base. From the refiner’s standpoint there are 
very real differences in crudes, which call for quite 
varied treatments, but these differences are largely 
confined to impurities such as wax, sulphur, or asphal- 
tic bodies. However, the crudes from the various 
fields, and often from the same field, are composed 
in part of a series of hydrocarbons that on refin- 
ing does affect the physical properties of the finished 
oils to some extent, as will be explained later. Ex- 
tremes in crudes do exist, as for example certain 
Pennsylvanian as against some Calfornian or Russian 
crudes. These seem to give fundamentally different 
commercial products all through, but our present 
knowledge of petroleum is not quantitatively exact 
enough to predict what may be learned by additional 
refinements in the methods of separation into proxi- 
mate constituents, other than by distillation, heat 
treatments, or the action of solvents as now prac- 
ticed. In some cases of apparently different crudes 
the further the refinement is carried the closer the 
final products tend to approach each other in sim- 
ilarity. 

Crude petroleum from all the larger producing 
areas such as the Gulf Coast, North Texas, Mid- 
Continent, California, Pennsylvania, and Russia 
has been used to some extent in making insulat- 
ing oils. This would seem to make available a 
large supply of crude material, but the specifications 
of the various consumers have been very closely 
drawn during the past ten years, which has resulted 
in a narrower margin of choice, so that only a refiner 
with a breadth of operation sufficient to make it 
possible to choose from a wide crude supply can be 
expected to produce large quantities of oils on so 
narrow a range of specifications. The specifications 
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affect the supply of insulating oils in several ways, 
chief among these being the relation of flash point 
to viscosity. The consumer wants low viscosity for 
good cooling effect, combined with a high flash for 
safety and to prevent evaporation loss. The hydro- 
carbons of which any of these crude petroleums are 
composed are present over a very definite series of 
boiling points ranging from low to high, and in quite 
uniform percentages from batch to batch. The flash 
point specifications can only be met by oils having 
a limited range of boiling points. A refiner separates 
his crude oil by distillation and takes for insulating 
purposes only that portion or fraction giving the 
proper flash point. He 1s also limited here by viscosity 
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Broadly speaking, crude oils of two general types 
are being used for the manufacture of insulating 
oils. They are the so-called naphthene- and paraffin- 
base crudes of which the Gulf, Coastal, Californian, 
and Russian oils represent the former and Pennsyl- 
vanian, Mid-Continent, and North Texan oils thelatter- 
mentioned type. Large quantities of crude oil are 
produced in these and other fields which for one 
reason or another are not suitable for the making of 
insulating materials. The matter of type is directly 
related to specifications, because the relation of 
flash point to viscosity previously discussed is 
definitely different in oils produced from the two types 
of crude. Oils of equal flash point from the two types 


Fig. 2. Crude Oil Stills. 
because each fraction from a given crude, of definite 
boiling-point range, has also its definite viscosity. 
The quality of material obtained by taking a wider 
fraction from the crude oil could be made just as 
satisfactory as an electrical insulator, except for 
flash point and viscosity. To be more specific, crude 
oil is separated by distillation into the following 
general fractions: gasoline, kerosene, light fuel oil, 
transformer oils, and light, medium, and heavy 
lubricating oils. Nearly all of these oils can be so 
refined as to become good insulators, all are non- 
corrosive and have little tendency to absorb moisture; 
but the first three are too inflammable to be used 
for insulating purposes, t.e., the flash points are too 
low, while the last three are too viscous to serve 
as cooling agents. Oil is, in itself, not a good con- 
ductor of heat and must be rendered sufficiently 
fluid to remove the heat by convection. Therefore 
the transformer oil fraction is a compromise between 
safety in operation and efficient cooling, and only 
a small fraction of the crude oil is of high enough 
flash point and sufficiently fluid to fulfill the require- 
ments of this type of equipment. 


The process of separation is largely one of distillation 


of crude have considerably different viscosities, and 
vice versa. The naphthene-base products in general 
have a higher viscosity for a given flash point. From 
a standpoint of circulation this fact would seem 
to favor the use of paraffin-base oils, but another 
specification has appeared, wz., pour point, or 
flow point, which has been considered of so much 
importance in connection with circulation at low 
temperatures that the demands of the trade have 
turned very sharply to the naphthene-base oils. Some 
of these can be made with the extremely low pour 
point of minus 40 deg. F. while the paraffin-base 
products seldom run below plus 10 deg. F. owing to 
the difficulty involved in removing the natural wax. 

While most of the hydrocarbons in crude oil are 
liquid at quite low temperatures, especially those 
representing the transformer fractions, some, notably 
the paraffin waxes, are not. These waxes when present 
cause the oil to congeal into a pasty mass when cooled, 
and the more wax present the higher the temperature 
at which the oil congeals. Wax may be partially 
removed by chilling and then filtering out the crystals 
formed, but it is not commercially practicable to 
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carry this process much beyond the production of a 
plus 10 deg. F. cold-test oil, for which reason very 
low cold-test oils must be made from crudes which 
naturally contain very little wax. It 1s the use of the 
naphthene-base oils which has permitted the develop- 
ment of insulating oils of low freezing point. 

The yield of insulating oils obtained by the refiner 
is relatively small in comparison with other products 
from the crude, so that in choice of crudes he has a 
further problem in the economic disposition of the 
other materials to balance out his manufacturing 
program. When a decision has been made as to the 
special crude oil to be used, arrangements must be 
completed to deliver it to the refinery by pipe line, 
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characteristics. Distillation requires heat; but too 
much heat will decompose any oil and render at 
least a portion of the original material unfit for 
use. With the aid of vacuum the boiling tempera- 
tures required for distillation are lowered, and by 
using this careful method it is possible to distill 
without decomposition. As a further precaution, steam 
is injected into the boiling oil for the purpose of keep- 
ing it in violent agitation as well as for lowering the 
boiling temperatures. The distillates coming from 
the stills through the condensing equipment are 
tested as they run off, and the proper fractions 
which go to make up the base stocks for insulating 
oils are separated. Most of these crude distillates 


Fig. 3. Steam Stills for Gasoline 


tank ships, or cars and in many cases by all three 
methods. The gathering of crude oil and delivery 
to the refiner is an art in itself. When the distance 
and quantities to be handled are considered it becomes 
evident that only large operators can hope to bring 
selected crude from the field to the point of use in its 
original condition, and without serious contamination 
from less satisfactory grades. There is also required 
a constant check on the quality of the crude from new 
wells and new fields. All this has to be done in order 
to maintain a uniformity in the quality of the finished 
products. After the crude is received at the refinery 
and before it is subject to distillation a careful refiner 
puts it through a slow settling operation to allow 
precipitation of the sediment, consisting chiefly of 
sand and salt water, which is carried in small amounts 
from the original source at the wells. 


Methods of Refining 

In modern distillation practice for the production 
of insulating oils and lubricants the ultimate objective 
is the separation of the various constituents of the 
crude oil without changing their original or natural 


have to be subjected to further distillation before 
their physical tests will meet the requirements. 
For these operations and those which follow, a com- 
pletely separate set of tankage, pipe lines, pumps, 
filters, and other handling equipment must be de- 
voted to each type of insulating material exclusively. 
This involves a very great amount of equipment, 
but is the only possible way by which exact uniformity 
in quality can be guaranteed. 


The Distilling Process 

The distillation of petroleum was first carried out 
in a very simple form of still consisting of a cylindrical 
steel tank supported over a brick furnace. The vapors 
driven off by boiling were conducted through a pipe 
line leading to a water-cooled condenser and thence 
to tanks. From this early type of still the develop- 
ment has been great and varied, but in this article it is 
believed that a short description of those in general 
use will be sufficient, passing over those which were 
developed to meet some particular local conditions 
or to handle certain kinds or certain fractions of oil 
not used for insulating purposes. 
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Stills may be divided first, by the methods of 
heating, into three classes, 2.e., fire, steam, and com- 
binations of the two. The methods of handling the 
oil are: by the batch system, where all the oils of low 
boiling points are removed by progressively raising 
the temperature, the vapors being condensed and 
separated or ‘‘cut’’ at different points to give the 
fractions desired; by a continuous system, where the 
oil passes progressively from one still to another 
through a large battery, each still in the stream being 
at a higher temperature than the preceding one, and 
the vapors from each still being uniform in character; 
or by pipe stills, where all the oil is heated to a uniform 
temperature by passing through a pipe coil and the 
vapors separated by fractional condensation in frac- 
tionating columns or towers. 

Batch and continuous stills are also provided with 

fractionating towers and dephlegmators for the better 
separation of the vapors, and also with pre-heaters 
and heat exchangers by which the temperature of 
the incoming stream is materially raised by the out- 
going one, all of which are made in a wide variety of 
types to meet certain necessary conditions. Another 
kind of still which is used only for producing gasoline 
is the cracking or pressure still. 
_ The primary distillation of crude oil is accomplished 
by one of two general methods. The paraffin-base 
oils are usually distilled to remove all the more vola- 
tile portions, leaving as a residue a heavy, viscous 
oil. This is called running to cylinder stock, which is 
the residue left in the still. The second method is 
used for naphthene-base oils and all those containing 
asphalt, and consists in removing all the oil which can 
be evaporated, leaving pitch or coke in the still. This 
is called running to pitch or “‘coking run”” depending 
on the final product remaining in the still. Coking 
runs are always made in batch stills. 

The method of operation using any one grade of 
crude oil with a continuous system of stills, which is 
perhaps the one most widely used at present 1s, 


briefly, as follows: The oil is pre-heated and pumped 


into the first of a series or battery of stills, usually 
of the horizontal cylindrical type, and with or with- 
out internal tubes, where it is heated until the hydro- 
carbons of lightest specific gravity are driven off, usu- 
ally through a fractionating column, and condensed. 
When the condensate from the first still has reached the 
predetermined gravity, crude oil is pumped into the 
still continuously and the heavier oil is pumped out 
continuously to the second still of the battery. The first 
still is at such a temperature that the lighter hydro- 
carbons are volatilized very quickly and none pass 
over to the second still. When the second still reaches 
the required temperature and the gravity of the con- 
densate is correct for the desired fraction to be 
removed from it, the heavier oil is pumped to the third 
still. This is in turn repeated for each still until they 
are all operating continuously, each delivering a cut 
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or fraction of the required physical characteristics, and 
the bottom of the last still yielding heavy cylinder oil. 
After the oil has gone through the first two or three 
stills in the battery, either the vacuum is applied or 
steam is introduced, or both, to lower the boiling 
point and prevent cracking. Steam introduced into 
the bottom of a still also produces violent agitation 
and prevents local over-heating of the viscous oil. 


Separation of Wax 

To better utilize some of the excellent products of 
paraffin-base crudes, it 1s necessary to remove most 
of the fractions having high melting points, which 
are known as waxes in the lighter distillates and as 
petrolatum in the residues. The method of separa- 
tion is different for these two kinds of fractions and 
each method varies in details in many plants. Cylin- 
der stocks from paraffin-base oils are the residue or 
bottoms from careful distillation to avoid cracking. 
In one method they are mixed with naphtha to reduce 
the viscosity and pumped into a cold-settling box or 
tank which is usually vertical, and cylindrical in shape. 
These tanks are insulated and provided with a chilling 
coil in horizontal layers near the top through which 
cold brine is circulated. The oil is thus gradually 
cooled and the wax slowly settles to the bottom, 
although the separation is not altogether complete. 
The settling tank has efficient sampling devices at 
close intervals from the bottom half way to the top 
to enable the operator to differentiate between the 
settled stocks and the petrolatum, and to arrange 
his drainoffs accordingly. The outlets for the settled 
oil are so arranged that the contents of the tank 
may be drawn from different strata. The refrigeration 
varies with the percentages of naphtha and stock and 
with the yield of petrolatum. The yield of the petro- 
latum depends on the conditions used to produce the 
desired cold test for the oil. 

The most successful method to date of separating 
the so-called crystalline waxes from the distillates is 
by chilling and filter-pressing. By another method, 
the petrolatum is removed from the chilled solution 
of cylinder stock in naphtha by means of centrifuges. 


Test Requirements 

All crudes contain materials which .cannot be 
removed by distillation. These bodies are either un- 
stable themselves or in some manner cause a general 
deterioration of the oil which does not occur when 
they are removed. Deterioration in transformer 
oils may be shown either by the presence of 
organic acids or by the precipitation of solid or 
gelatinous material, called sludge, which interferes 
with proper cooling. The purpose of the chemical and 
physical treatment of oil is to remove all the material 
present which tends to cause either of these con- 
ditions. The exact procedure depends entirely on 
specifications which must eventually be met. The 
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refiner who sells his products on a world-wide scale 
must have at his disposal a most intimate knowledge 
of the special tests devised by his customers in order to 
control the characteristics of those products so that 
they will meet the tests. Equipment must neces- 
sarily be assembled as fast as the special tests are 
developed by different nations and groups of manufac- 
turers of electrical equipment. A large number of 
these tests deal largely with the effect of heat 
and air on the oils with relation to the tendency 
of the latter to develop oxidation products, such 
as sludge and organic acids, under test conditions. 
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tures, with or without a catalyst to speed up the reac- 
tion, or by using some chemical treatment of an 
oxidizing nature. It is recognized that nearly all the 
ills of transformer oils are directly attributable to 
oxygen, and that in its absence the oil is almost 
unchangeable under transformer conditions. The 
various tests named, as well as many others, 
are the results of extended research by different 
groups of technical men in an endeavor to produce 
an accelerated test which would give such a com- 
parison between different oils as might be translated 
into their performance in transformers. 
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Fig. 4. Oil Testing Room Showing Apparatus Used to Make Certain That the 
Required Dielectric Strength is Provided 


Most of these tests purport to show the stability 
to be expected of an insulating oil in service. 
Another group deals with the electrical quali- 
ties of the oils such as specific resistance, power- 
factor, dielectric strength, etc. There are also the 
more simply performed tests such as those for specific 
gravity, flash point, viscosity, color, sulphur, and the 
like. A large staff of trained technical men capable 
of a high class of developmental work must be em- 
ployed to meet the ever-changing requirements in 
this class of business. The greatest skill required on 
the part of the refiner is to meet the first group of 
tests mentioned, or the so-called oxidation tests. 
Some of the most prominent of these are the Life 
Test, Michie Test, Brown Boveri Test, German 
Tar Figure, Italian Test, French Test, Swedish Test, 
etc. Some take into consideration the sludge-forming 
characteristics of the oils, others the formation of 
acid products of oxidation, and still others deal 
with both. They are nearly all based on the same idea 
of accelerated oxidation, either by using high tempera- 


Even a short statement of the foregoing reveals 
the complexity of the matter and gives an insight to 
the earlier remark that the special treatment of 
stocks must be suitable for the oil desired. 


Removal of Impurities 

Some of the stocks, as stated, contain certain 
amounts of oxidizable coloring material which for 
specific purposes it may be desirable to remove by a 
chemical treatment. Chemical treatment of petroleum 
oils consists in agitating the oil with sulphuric acid, 
draining off the acid and sludge, washing with water, 
neutralizing with alkali (usually caustic soda), and 
again washing to remove all traces of the alkali. The 
treating 1s carried out in vertical cylindrical tanks hav- 
ing cone-shaped bottoms and capacities ranging 
usually from 1000 to 2000 barrels. These are called 
agitators and are usually jacketed to retain the heat. 

The procedure of treating varies greatly, but the 
following may be taken as a general outline of the 
process: The oil is pumped into-the agitators and, in 
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the case of very viscous oils, is usually mixed with a 
percentage of kerosene to make it more fluid. The 
mixing may occur either before or after the oil is placed 
in the agitator. Sulphuric acid is then added, the 
strength and amount of which varies with the oil to 
be treated and the final product desired. During this 
treatment the acid dissolves and polymerizes certain 
of the impurities and the more unstable hydro- 
carbons. The oil and acid are agitated together by an 


Fig. 5. 
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to the oil without washing, to remove the traces of 
acid. In the case of heavy oils that have been mixed 
with kerosene, the oil is submitted to a distillation to 
remove the kerosene. The oil is then ready for filtering. 


Filtration 

Further purification of the oil is obtained by pro- 
longed filtration through fuller's earth. The filtering 
process is used as the final step in preparing all high- 


Agitators Used in Connection with the Chemical Treatment of Petroleum 
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Fig. 6. Filter Plant Building 


air blast until the acid and sludge, which is the poly- 
merized impurities, settle readily. The sludge is 
then settled and drawn off, and the oil pumped to the 
washing agitator where it may be washed to remove 
traces of acid and of water-soluble compounds pro- 
duced by the action of the acid on the oil. The water 
is drawn off and the oil is neutralized with a solution 
of weak alkali, washed several times with hot water 
and steamed to remove the alkali and any alkaline 
salts, the water being withdrawn after each wash. 
It is then kept warm and air is blown through it to 
remove all the water. In some cases, the alkali is added 


grade oils, and this may be applied in either the per- 
colation or the contact method. Here, methods vary 
as in all other processes. The percolation method of 
filtering consists of allowing oil to flow by gravity 
or pumping through a thick bed of fuller’s earth. 
The filter is a vertical cylindrical tank with a curved 
bottom which is concave upward. There are two 
openings near the lowest point in the bottom, to 
which are attached pipes and valves. The larger valve 
(about an eight-inch gate valve) permits the dumping 
of the clay after use, while the smaller valve permits 
the passing of the finished oil from the filter to storage. 
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The bottom of the filter is covered by a canvas 
blanket, or else various other means are taken to 
permit a free flow of oil and at the same time retain 
the fuller's earth. 

The fuller's earth, as brought from the mines, is 
already ground and screened, but it must be roasted 
or burned to remove moisture and other volatile 
matter, which process greatly improves its filtering 
properties. It is conveyed from the burning kilns and 
stored in large bins from which it is moved to the top 
of the filters by belt conveyors and bucket elevators. 
The most common type of filter holds from 30 to 35 
tons of fuller’s earth and is about 25 feet high. After 
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the clay is in the filter, oil is pumped in, and after trap- 
ping out the air the oil percolates down through the 
clay. Some filters allow the oil to flow by gravity and 
use a relatively large mesh clay (15 to 30 mesh). 
The more common system is to force the oil through 
the filter by the pressure of the feed pump, the top 
of the filter being tightly closed. For this type of filter 
fuller's earth of finer mesh, which gives more efficient 
filtering may be used. The oil drawn from the filter at 
the start of the process is much lighter in color than 
needed, but as the filtration continues, the oil gradually 
darkens until it reaches the color at which the whole 
flow from the filter can be blended to produce the 
batch having all the desired characteristics. The flow 
to the filter is then cut off, the filter drained, washed 
with naphtha, steamed and dumped. It is then 
refilled and the operation repeated. The washed and 
steamed fuller’s earth is conveyed to the kilns where 
it is again burned to remove the adsorbed impurities, 
after which it is again used. The fuller’s earth, fresh 
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from the mines, after burning, is used on the lighter 
colored oils such as transformer oil. The efficiency of 
the fuller’s earth is somewhat reduced by each use 
and subsequent burning, so that after each burning 
it is used on successively darker oils, being usually 
discarded after ten or twelve burnings. 

Another process of filtering is gradually coming into 
use. This consists of mixing the oil while hot with 
very fine fuller’s earth or other filtering material 
and subsequently removing it from the filtering 
material by means of a filter press or a vacuum filter. 
This is called the contact method. The results on 
most oils are about the same in either case. 
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Blotter Filter Presses Used in Final Purification of Oil 


The mechanism of the filtering action of these 
clays is not clearly understood. Only certain kinds of 
clay have much effect in removing impurities. 
However, some other clays can be given filtering 
properties by chemical or heat treatments. The 
term applied to the removing of the impurities 
is “adsorption,”” t.e., it is a surface effect and 
depends on the chemical nature of the clay, the 
amount of surface available, and also the physical 
arrangement of the surface. The filtering clays are 
porous in structure, it being believed that the pores 
in some cases are ultta-microscopic in size. Prof. 
Engler, a German chemist, proposed the theory that 
each grain of clay acted as a dialyzer. However, be 
this as it may, the impurities show a very definite 
tendency to attach themselves to the clay, allowing 
the less reactive part of the oil to pass through. 
The powdered clays tend to work more efficiently, 
if judged entirely by the color of the resulting 
oil. While color is to some extent a measure of 
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refinement, it is becoming a less suitable basis for 
judgment, because of greatly improved methods in 
distillation by which it is now possible to make very 
light-colored distillates which have, nevertheless, 
practically all the lack of stability of the darker- 
colored untreated distillates, without any chemical 
or clay treatment whatever. Color is an index to the 
refiner, because he takes into consideration the process 
which produced it; but the consumer seldom has this 
background to aid him. Many of the compounds 
which cause transformer oils to sludge in service are 
not colored; and therefore color can easily be mislead- 
ing in the case of petroleum oils. 
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heated to a high temperature from the outside, even in 
the coldest weather, which makes possible their thor- 
ough cleaning and drying, and assures delivery of oil of 
high insulating value. The cleaning of the tank cars as 
well as that of the other containers is carried to a 
degree far beyond that necessary for any other oils. 
Each container must be absolutely free from any 


‘contaminating matter whatever. To accomplish this 


result several washing and drying operations, followed 
by a rigid internal inspection, are given to each con- 
tainer before filling. The cans are especially con- 
structed so that the chemicals used in soldering 
cannot. find access to the interior of the can. They 


Fig. 8. Car Loading Shed for Transil Oil 


High dielectric strength is considered of prime im- 
portance and is the control test used to check up the 
physical condition of the oil until it is safely sealed 
in drums and cans. 


Preparation for Shipment 

After the oil has been submitted to all the special 
treatments and manipulations required, followed by 
filtration, it is ready for the final operation which 
maintains or improves its dielectric strength prepara- 
tory to shipment. This is accomplished by either of 
two methods, one of which is to pump it through the 
blotter filter press. In the hands of an experienced 
operator, who checks the process with dielectric tests, 
this is very satisfactory. The other method possible 
is by the centrifuge. The effect of humidity during 
this final treatment must be carefully controlled by 
regulating the temperature with relation to at- 
mospheric conditions, so that the temperature of the 
oil is always above the ‘‘dew point. ” 

Transportation of insulating oils is done in either 
jacketed or unjacketed tank cars, indrums, and in cans. 
The jacketed tank cars are so covered that they may be 


are also given special testing and drying treat- 
ments, and are sealed with a plate or a cap using a 
minimum of solder after filling. The oil in the 
cans can thus be kept indefinitely and used, without 
testing, with the knowledge that it is in perfect 
condition, provided the can has not been damaged 
in transit, or opened previous to the time of using 
the oil. The iron drums, in spite of all the precau- 
tions, may have a small amount of scale loosened 
from the interior wall during transit. This must be 
removed before the oil 1s put in the apparatus in which 
it is to be used. The same is true of tank cars used 
for shipment. Simple straining through three or four 
thicknesses of dry, unsized muslin as the oil flows into 
the apparatus is usually sufficient, although of course 
filter pressing is better. 

It is only after years of experience in the handling 
of such oils that a system has been worked out which 
provides an absolute minimum of rejections. When 
one considers the extreme delicacy and accuracy 
of the various tests to be met it can be understood 
at once that only the most scrupulous care can 
produce a satisfactory insulating oil. 
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Super-excitation 


About 50 Times Faster Than Conventional Excitation—Over 10 Times Faster Than So-called 
Quick-response Excitation—Economically Contributes Substantial Increase in Operating 
Stability—Comparative Analysis of Three Types of Excitation Systems 


By D. M. JONES 
Central Station Department, General Electric Company 


UICK-RESPONSE exci- 
tation has been much 
discussed and frequently 
proposed of late because of its 
capacity to increase system sta- 
bility under short-circuit con- 
ditions. Up to the present time, 
general design practice in laying 
out such excitation equipment 
has led to rates of voltage rise of 
the order of 400 to 600 volts per 
second, and to maximum working 
exciter voltages, t.e., “ceiling 
voltages,” such as are obtainable 
from standard exciters. It has 
been becoming increasingly appar- 
ent, however, that while quick-response excitation 
systems of this caliber tend to increase machine out- 
put, the magnitude of the actual change produced is 
in general disappointingly small. 

Thus far, therefore, it seems that while the principle 
has been widely considered, the generally-proposed 
execution of the idea has been of so mild a nature 
that it is scarcely distinguishable from normal excita- 
tion practice. 

The effective application of the scheme leads in- 
stead to values so much higher than those mentioned 
that it seems justifiable to speak of quick-response 
excitation of this new order as Super-excitation, to 
differentiate it from the partially effective variety now 
commonly used. 

Concrete evidence of the appreciation of this devel- 
opment is found in the installation of excitation equip- 
ment having enlarged design limits for the 100,000- 
kv-a. generator of the General Electric Short-circuit 
Testing Plant at Schenectady. 

This marked advance in excitation practice is three- 
fold in its scope: 

(1) It increases the rate of rise of the exciter 
voltage from the old basis of 400 to 600 volts per 
second to 6000 to 7000 volts per second. | 

(2) It raises the maximum possible instantane- 
ous voltage which can be applied to the alternat- 
ing-current machine field under conditions of sys- 
tem disturbance from approximately 320 volts to 
approximately 1000 volts. 

(3) It uses the change in the output of the alter- 
nating-current machine during the disturbance as a 
measure of theeffectiveness of the excitation system. 


The speed with which the exci- 
tation of a synchronous machine 
can be made to counteract abnor- 
mal drops in 
largely determines the effectiveness 
of that machine 1n increasing the 
stability of the system. The effec- 
tiveness of super-excitation in pro- 
ducing rapid changes in excitation 
so greatly exceeds the ordinary 
quick-response excitation as to be 

- of a totally different order. 


The suggested rate of voltage 
rise of the exciter was determined 
jointly by the facts that (in com- 
bination with the other charac- 
teristics of the layout) it gave a 
major rise in the machine out- 
put, and that it was conven- 
iently obtainable from a main 
exciter of conservative design. 

The exciter voltage ceiling was 
set at 1000, as 1t was felt that this 
was a reasonable limit to set on 
momentary voltages which would 
be occasionally applied to 250- 
volt fields of alternating-current 
machines of standard design. This 
limitation of maximum exciter voltage has been 
obtained not by exciter saturation but by the inser- 
tion of suitable resistance in the main exciter-field 
circuit. This method includes among its many ad- 
vantages the establishment of a definite maximum 
current requirement by the field of the main exciter, 
and thus fixes a definite maximum load on the sub- 
exciter. 

These marked advances in both the exciter speed 
of “build-up” and exciter voltage ceiling necessarily 
require additional capacity in both main and sub- 
exciter, as indicated by their ratings as listed in con- 
nection with three typical excitation equipments 
given later in this article. | 

The use of the change in the output of the main 
machine, during the application of the increased 
excitation, as a measure of the effectiveness of the 
excitation equipment is a definite step toward funda- 
mentally sound evaluation, and 1s a decided advance 
over the previous practice of resorting to the change 
in the exciter voltage as the criterion. In fact, the old 
practice of rating was very misleading in that con- 
siderable increases in exciter voltage could be ob- 
tained with an equipment which might nevertheless 
still have an insignificant effect on the actual stability 
of the system during disturbances, due to the ex- 
tremely large electrical inertia of the magnetic circuits 
in the main units controlled by the excitation system. 

The following comparison of three grades of excita- 
tion equipment as applied to synchronous condensers 
will illustrate not only this point, but also the marked 
distinction in real results obtained by the advanced 
type of equipment now being considered. 


line potential 
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Approximate Comparison of Excitation Equipments for 30,- 
000-kv-a., 600-r.p.m., 13,800-volt Synchronous Condenser 


Type I—Normal Excitation Equipment 


Direct-connected, 165-kw. continuous rating, 250- 
volt, compound-wound exciter with hand-control. 

Rate of voltage build-up of exciter through normal 
working range. ...125 volts per sec. 

Ceiling of exciter... .320 volts. 

Increased output of synchronous condenser during 
disturbance... .see Fig. 1. 


Type II—Quick-response Excitation Equipment 
Main exciter: direct-connected, 165-kw. continu- 
ous rating, 230-volt, compound-wound, with 

special fields and suitable voltage regulator. 


¡WA 
a 320Nat aña 


== Volts per secon 
Hand Control 


Per cent Armature Currant 


l 0.6 
Time (Seconds) 


Fig. 1. Curve of Armature Current vs. Time for a 12-pole, 30,000- 
kv-a., 600-r.p.m., 13,800-volt Synchronous Condenser Connected to 
the Equivalent System as Shown. Initial load 10,000 kv-a. Satura- 
tion neglected. Reactances on 30,000-kv-a. basis. One hundred per 
cent volts at point of short circuit before short circuit occurs 


Sub-exciter: direct-connected, 10-kw., 250-volt, 
compound-wound, normal field and direct-current 
voltage regulator, for supplying excitation to field 
of main exciter. 

Rate of voltage build-up in main exciter through 


normal working range... .400 to 600 volts per sec. 
Ceiling of main exciter..... 320 volts. 
Increased output of synchronous condenser during 


disturbance....see Fig. 1. 


Type III—Super-excitation 

Main exciter: direct-connected, 165-kw. (nominal 
continuous rating, momentary commutation 
capacity 1000 kw.), 600-volt, compound-wound, 
with special field and suitable regulator. 

Sub-exciter: direct-connected, 40-kw., 250-volt, 
compound-wound, normal field and direct-current 
regulator, for supplying excitation to field of main 
exciter. 
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Rate of voltage build-up on main exciter through 
normal working range... .6000 to 7000 volts per 


sec. 

Ceiling of main exciter....approximately 1000 
volts. 

Increased output of synchronous condenser during 
disturbance. ...see Fig. 1. 


From the foregoing comparison, it 1s evident that 
one synchronous condenser with Super-excitation 
will give practically as much kv-a. output during 
disturbances under conditions and time limits ex- 
pressed on the curves as two similar condensers with 
hand-control under the same conditions. As this 
result is obtained at a moderate increase in total 
cost of the synchronous condenser, it could easily 
be concluded that Super-excitation ought always to 
be included with any alternating-current generator 
or synchronous condenser. This feeling, however, 
should be tempered by a knowledge of the following 
basic facts. 

This particular assumed situation gives results 
abnormally favorable to Super-excitation due to 
the fact that the synchronous condenser is con-. 
sidered to be normally operated at only one-third 
load. If it were operated at full load, the same 
Super-excitation equipment would produce a much 
smaller increase in the output kv-a. during the 
disturbance. 

Furthermore, the whole ential scheme of increas- 
ing machine excitation to improve stability limits is 
only one of many ways of accomplishing this result, 
and inherently not the most acceptable. The signifi- 
cance of this will be appreciated when it is remem- 
bered that this method in no way tends to eliminate 
or even mitigate the cause of the trouble, but only 
to cure it after it has arisen by increasing the system 
short-circuit kv-a. output during the disturbance. 
Such a remedy is inherently a potential menace, as 
it adds one more to the many normal agencies con- 
tinually tending to push short circuits beyond that 
which systems can well endure. This limit, despite the 
fact that it is ultimately established by economic and 
not physical forces, is already being hard-pushed in 
some operating systems. 

Any attempt, therefore, to magnify the scheme 
of suddenly increasing machine excitation during 
system disturbances into a panacea for all insta- 
bility ills would be incompatible with sound engi- 
neering thinking; rather, the hope of ultimately 
curing these ills lies in an intelligent scientific 
diagnosis of each case in the light of the best 
knowledge available, and the wise application of 
any or all remedies according to the demands of the 
situation. 
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Electricity on the Farm: 


Businesslike Practices Now Being Adopted by the Farmer—Extension of Electric Service a 
Contributing Factor—Present and Prospective Extent of Service—Data of 
Load Per Farm—Financial Problem 


By DR. RAYMOND A. PEARSON 


President of the University of Maryland 
Executive Officer of the Maryland State Board of Agriculture 


HE history of agriculture 
| in the United States may 
be divided into three peri- 
ods. The first covers the early 
years of the development of our 
country when most of the people 
were farmers and the chief ambi- 
tion of every farmer was to pro- 
duce enough to feed his own 
family and livestock and to 
clothe his family. The second 
period began with the opening 
of the western states after the 
Civil War. It was a period of 
large production. The ambition 
of every farmer seemed to be to 
produce as much as he could, 
with the result that there was much to export and 
foreign prices ruled the home markets. 

The third period has been getting under way for 
several years. It presents changed conditions, such as 
higher land values, higher taxes, higher labor costs, 
higher costs of materials, and higher standards of 
living. It will be known as the period of business 
farming. Many farms already have entered into this 
period of their history. Many have not. This period 
is to be characterized by business methods in connec- 
tion with the production, grading, storage, and sale of 
agricultural products. The growth of agricultural co- 
operation shows the strength of the movement. 
Reduction of costs is an important phase of this 
activity. 

Rural electrification may become a most important 
factor. If electricity will help to reduce the cost of 
production and to increase the satisfaction of farming 
and to raise the standard of living of farmers, then it 
is sure to become an important factor. This new de- 
velopment may produce profound changes in agri- 
culture. No one can prophesy how far it will go. Some 
people think electricity will cause a revolution in 
agricultural methods. Those who are best informed are 
not se excited but they recognize great possibilities. 

Electricity has been used on farms more or less for 
many years. The use has greatly increased of late; and 
this is undoubtedly due largely to the efforts of the 
National Committee on the Relation of Electricity 
to Agriculture. This Committee is composed of 


*From an address delivered at the Annual o RS of the Maryland 
State Utilities Association, Annapolis, Sept. 16, 1927. 


In this article the author fur- 
nishes a quantitative indication 
of the potential market for elec- 
tricity which our farms afford, 
and he emphasizes the need fora 
sympathetic attitude with regard 
to rural rates and conditions for 


extending rural service. These and 
the other factors presented war- 
rant the creation of special depart- 
ments to supervise the work, these 
being ın charge of men who are 
properly fitted by instinct and 
training.—E DITOR 


representatives of the American 
Farm Bureau Federation, the 
National Electric Light Associa- 
tion, the National Grange, the 
Individual Plant Manufacturers, 
the American Society of Agricul- 
tural Engineers, the American 
Home Economics Association, the 
General Federation of Women’s 
Clubs, the National Association 
of Farm Equipment Manufac- 
turers, the National Electrical 
Manufacturers Association, and 
the U.S. Departments of Agricul- 
ture, Commerce and Interior. 
Dr. E. A. White, who serves the 
Committee as Director, has just 
made his fourth annual report. It tells what elec- 
tricity is doing for agriculture and gives some idea 
of what it may do. 

It reveals that organized committees are working 
in connection with the National Committee in 23 
states. In these states Colleges of Agriculture, Col- 
leges of Engineering, and Experiment Stations are 
prominently connected with the work. The object is to 
help determine the maximum economic uses of elec- 
tricity in agriculture. Individual farmers and organized 
groups of farmers have shown much interest. Power 
companies have contributed generously. Manufactur- 
ing companies have made available a large amount 
of equipment for experiments and demonstrations. 


Farms Using Electricity 

It is estimated that between 300,000 and 350,000 
farms in this country are now served by electric light 
and power companies and that about 300,000 farms 
have individual lighting plants. 

The prediction is made that within four years the 
number of farms connected with distribution lines 
will be as large as 1,500,000. Electric light and power 
companies are organizing to develop this service, and 
some companies are setting up special rural electric 
service departments. 

The increase in the number of farms using electricity 
is not a sufficient index as to the increase of demand 
for current. We are told that the use of 30 kw-hr. per 
farm per month is common in non-irrigated regions 
and that the potential electric load is 10 to 20 times 
larger than this. 
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Power on Farms 

The United States Department of Agriculture esti- 
mates the total annual power requirements of farms 
in the United States as 16 billion horsepower-hours. 
If we assume a value of 10 cents per kilowatt-hour, 
the entire farm power requirements of the United 
States represent an annual money value of $1,200,- 
000,000, or about $200 per farm. Even a small frac- 
tion of this potential annual revenue is well worth the 
attention of the power companies. 

Of course, only a minor part of this enormous quan- 
tity of power would be within the field of interest of 
power companies. It is said that about 20 per cent of 
the power requirements of the farms of the United 
States are classed as stationary power, and at the 
present time this is supplied by tractors, stationary 
gasoline engines, windmills, and electric motors. 
All of this 20 per cent is of concern to power com- 
panies. To a large extent electric power will supplant 
these other forms as improvements are developed, 
because of its advantages, including convenience in 
starting and operation, little attention required, over- 
load capacity, and freedom from noise. Enough has 
been said to indicate the large volume of farm power 
which might be supplied by power companies, and to 
suggest that this amount may increase as improve- 
ments and economies become effective and as the 
advantages of electric power become better known. 


Cost and Variety of Electric Service 

An attractive advertisement used by an electric 
equipment company states that, with the proper 
equipment, one cent’s worth of electricity will do any 
one of the following operations: shell 8 bushels of corn, 
grind one-half bushel of corn, cut 200 lb. of fodder, 
cut 300 lb. of ensilage, separate 60 gal. of milk, churn 
33 lb. of butter, groom 2 horses, milk 10 cows, or 
stuff 200 lb. of sausage. 

Just how much electricity was used in four weeks 
by an Iowa farm family of four persons, and the cost, 
are reported by Franklin J. Zink in Table I. The con- 
sumption given for some of the items is below the 
average to be expected. 

TABLE I 


Kilowatt- Cost at 
Equipment ours Present Rate 

Electric Tange.................... 98 $5.80 
Water heater..................... 75 4.43 

Inlet temperature 68 deg. F. 

Outlet temperature 148 deg. F. 

298 gal. consumed 
House lighting.................... 28 1.71 
Hard-water system................ 13 0.766 
Battery charging for radio.......... 8 0.472 
Building lights.................... 0.177 
Motor for cream separator and soft- 

Water system- ita atlas 3 0.177 
Electric irO0D...................... 2 0.118 
Vacuum cleaner................... 1 0.059 
Waffle ir0n....................... 2 0.118 
Washing machine................. 1 0.059 

qx ee ee A 234 $13.89 


It is not possible to discuss here the 227 uses of elec- 
tricity on the farm that have been more or less 
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carefully tested, but mention will be made of a few of 
the important uses other than water pumping for 
irrigation. 


Lighting 

Electric lights are in nearly every case the first elec- 
trical device installed by the farmer. The connected 
load for the average farm is about twice that of the 
city home, owing to the larger house and the use of 
lights in the barns and yards. The current consump- 
tion of this load will on the average run from 40 to 
50 kw-hr. per month. 


Household Conventences 


Other household devices follow electric lights. 
Electric irons, fans, sewing machines, washing ma- 
chines, curling irons, vacuum sweepers, percolators, 
and many other appliances appeal strongly to the 
housewife. The energy consumed by any one of these 
devices is small, but in the aggregate the amount is 
considerable. 


Electric Cooking 


The use of the electric range is probably not prac- 
ticable where electricity costs more than 3 cents per 
kilowatt-hour, and the same is true of water heaters. 
Where satisfactory rates are obtainable, or where 
wood fuel is scarce, the electric range has given sub- 
stantial evidence of its popularity. The electric 
fireless cooker is a convenience which should also be- 
come very popular on the farm. The energy consumed 
by this device will be about 25 kw-hr. per month. 


Electric Refrigeration 


The growth of electric refrigeration is one of the 
outstanding industrial achievements of recent years. 
Important as the electric refrigerator is to the city 
household, it is of much greater moment to the farmer 
on account of the larger amount of food stored and 
the cost and inconvenience of securing ice. The 
electric refrigerator, rather than electric lights, may 
soon come to be the most important reason for the 
farmer’s demand for electric service. 


Milk Cooling 


One of the most difficult problems facing the dairy- 
man is that of cooling his milk to the point required 
by city Boards of Health. Electric cooling promises 
to be the answer. Recent tests in New Hampshire 
have shown this to be practicable. Milk storage boxes 
with a capacity of 300 qt. of milk were satisfactorily 
cooled with an average consumption of 100 kw-hr. 
per month. 

The dairymen of a progressive community near 
Annapolis recently joined the Maryland State Dairy- 
men’s Association. Two problems confronted these 
farmers, that of making their buildings and equip- 
ment conform to the sanitary requirements of the 
Baltimore market, and that of cooling their milk 
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properly. The second is proving much the more diffi- 
cult problem. Every dairyman in this community 
is a potential user of electricity if it were available. 


Farm Water Supply 

The importance of an ample supply of fresh water, 
available instantly at faucets in the house and barns, 
cannot be overstated. Electricity makes this possible, 
and this is one of the first conveniences usually in- 
stalled by the farmer after his connection with a 
power line. The average current used per month by 
the water system pump will run from 15 to 25 kw-hr. 

Closely related to the farm water system is the 
problem of fire protection. Tests in Alabama have 
shown that a 500-gal. storage tank and a pump 
operated by a two-horsepower electric motor gave a 
good degree of protection. 


Miscellaneous 

Only passing mention can be made of other impor- 
tant farm uses of electricity. The poultryman needs it 
for incubation, for brooding, and for lights to stimu- 
late winter egg production. Electric ventilation sys- 
tems for barns are being developed, and show great 
promise of success. Practically every farmer owns 
a radio receiver and is a prospect for the purchase of 
a battery charger where current is available. The list 
might be extended indefinitely, but enough has been 
indicated to show the vast potential market for elec- 
tricity which our farms afford. 


Adjustment to Peak of Load 

Weare told that the peak of the load of most power 
companies is during the morning and evening hours 
when many lights are in use. Demands for current at 
other hours are highly desirable from the standpoint 
of the electric company. Most of the farm uses that 
have been mentioned are in this class. Prof. J. B. 
Davidson reports a clever arrangement by which 
a farmer may use current when it is least in demand 
and therefore can be furnished at lowest cost. A 
small feed grinder operated by a one-horsepower 
motor was provided with a switch controlled by a 
clock. The grain was supplied from a bin. The mill 
was started after midnight and stopped automati- 
cally when the job was done. 


Cost 

The biggest problem now in connection with the 
extension of rural electric service is the cost to the 
farmer. If this business is to be developed as it seems 
to deserve, both from the standpoint of producer and 
consumer, it may be necessary to take a big gener- 
ous view of the matter. Owen D. Young, Chairman 
of the Board of Directors of the General Electric 

Company, says: 
“I have already said elsewhere to the power 
companies that having in their own interest 
extended their great power transmission lines 


GENERAL ELECTRIC REVIEW 


Vol. 30, No. 12 


through rural communities in order to connect 
one city with another, they have taken on an 
obligation to serve the rural population of the 
area in which they operate. This does not mean 
that they can run service to the last farm or 
perhaps even to the last village in that district, 
but 1t does mean that the power companies 
must view their obligation as having both an 
economic and social aspect. The power company 
cannot refuse country lines because they are un- 
profitable. They cannot ride the economic hobby 
to the point where electrical service is not 
generally available in the community. Nor, on 
the other hand,can they ride the social hobby, 
as some visionary persons urge, to the point of 
financial bankruptcy. Wise human judgment 
must be exercised in the service of the con- 
stituency of the power company. Rates so far 
as possible should be simplified. The slide rule 
is not as unerring as the engineer sometimes 
thinks. The power company cannot use it as 
the sole guide to the social needs of a community 
in which human understanding and human 
sympathies must be mingled with economics in 
order to get a practical result. The power com- 
panies should recognize this kind of obligation 
to the farmer, should study his needs, and within 
every reasonable economic limitation supply his 
service. The only economic limitation is that 
the power companies should be permitted to 
secure earnings from the community as a whole 
- which will yield a fair return on the investment 
of the power company as a whole. Therefore 
rates should, in my judgment, be made practi- 
cal for the farmer, and the Public Service Com- 
mission should co-operate and even insist upon 
their establishment. Some part of the savings 
resulting from these great transmission systems 
should be applied to the extension of farmers’ 
service rather than be granted wholly to the cities 
in the diminution of their rate. This is advan- 
tageous to the farmer and is sound for the city.” 
Something might be said about the decentralization 
of industry and how the extension of power lines may 
help jointly this great movement and agriculture. 
And it would be interesting to discuss the dispropor- 
tionate cost of installing rural electric lines as com- 
pared with city lines. It may be worth while to adopt 
a new plan for the country business whereby the farmer 
who must pay out a considerable initial sum to wire 
his buildings and buy machinery will be able to pay a 
reasonable monthly service charge on the lines instead 
of the entire cost as is now sometimes required. 
There are of course many perplexing problems, but 
surely not more perplexing than have been overcome 
in other great engineering developments. Lack 
of uniformity in connection with rates and conditions 
of service produces misunderstandings, and is itself one 
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of these problems. Different sections have their 
peculiar problems. Such difficulties should be re- 
duced as promptly as possible so they will not serve 
to retard a great national advance in agriculture. 


Social Side 

The social side of the question has not been dis- 
cussed in this article; but it is extremely important. 
Cities do not keep up their own population. A con- 
stant stream of fresh blood always is travelling from 
country to city. The character of cities is determined 
largely by the character of the country. Agriculture 
is a fundamental industry in a real and broad sense, 
and whatever is a benefit to it is likely to be a bene- 
fit to all the people. 


Director White says: 


“There is an electric load on the farm! It is 
possible to develop this load to the mutual 
satisfaction of all parties concerned.” 
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Guy E. Tripp, who was Chairman of the Board 
of Directors of the Westinghouse Electric and 
Manufacturing Company, wrote shortly before his 
death: 


“No one questions the great value of electric 
power to the farmer. Give the farmer electric 
power at a reasonable cost, and he can immedi- 
ately relieve himself and his family of a large 
portion of their burden of labor, reduce his 
costs, make his profits more certain, and, what 
is of equal importance, raise his standard of 
living to a level corresponding to that of the city 
dweller, which will improve the morale of his 
family, help to keep his children at home, and 
make it more easy for him to secure efficient labor 
when he needs it.” 


Thousands of farmers would endorse this state- 
ment. 


A Training Course for Farm Electrification Specialists 


Believing that the farmer will better understand 
electrification when explained by men who know the 
farming business as well as engineering, the General 


Electric Company inaugurated a course in Rural 


Electrification, the first of its kind fostered by a large 
electrical manufacturing company. The course has 
been carried on under the supervision of the Sales 
Training Department, which for teaching both theo- 
retical and practical work has had the facilities of a 
veteran educator in electrical matters. 

The initial class, which was graduated a month ago, 
comprised five men all of whom had been born and 
raised on farms. They came from homes in widely 
separated parts of the country and from districts 
where farming is the chief interest. Already well 
versed. in agricultural work, they had added to this 
experience by taking college agricultural courses. 
This particular type of man was chosen because it was 
felt that the most intelligent help could be given the 
farmer by men who have themselves known farming 


problems at first hand. If, added to this appreciation 
a salesman also has a good grasp of the principles and 
uses of electrical machinery in rural work, the combi- 
nation should result in the greatest benefit both to 
the farmer and to the utility company. 

The schedule of study covered a period of four : 
months. Starting with nine weeks' work at the Sche- 
nectady plant of the Company, the men divided their 
time between classroom instruction in the theory of 
electrical engineering, test work, and inspection trips 
in the various factory departments. A period of eight 
weeks more was spent in visiting several other of the 
Company’s plants, the idea always being to bring the 
men in close contact with the apparatus and equip- 
ment used in farm work. This included small and 
medium size motors, lighting equipment, industrial 
control, electrical household appliances, etc. 

It is expected that this course will make available 
to public utilities a group of men who have become 
specialists inthe commercial end of farm electrification. 
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Heaviside’s Operational Calculus as Applied 
to Engineering and Physics 


PART I 


HEAVISIDE’S “UNIT FUNCTION” AND THE ALGEBRAIC NATURE 
> | OF HIS OPERATIONS 


By DR. ERNST JULIUS BERG 


Consulting Engineer, General Electric Company 
Professor of Electrical Engineering, Union College 


netic theory are a compilation of papers and 

articles covering a period from 1891 to 1912, 
during which time it seems that he was interested in 
almost every phase of physics and ‘mathematics. 

A very large part of this work is devoted to electrical 
phenomena and more particularly to the calculation 
by operational methods of disturbances in electrical 
networks. Maxwell had already given a most compre- 
hensive theory of almost anything that could happen 
in electrical systems, but his mathematics, which was 
conventional mathematics, was applicable only with 
the greatest difficulty to many practical problems. 
The task therefore that Heaviside set before himself 
was to evolve some new point of view which would 
simplify the treatment without impairing the accu- 
racy attained. 

This he succeeded in doing admirably by the intro- 
duction of his operational solution and the expansion 
theorem. “) 

The particular physical problems that he studied 
led to linear differential equations with constant 
coefficients and certain types of partial differential 
equations. In particular, he studied the behavior of 
systems initially at rest to which forces or impulses 
were suddenly applied at t=0. 

Prior to Heaviside’s time the use of operators was 
well established. So, for instance, it was customary to 
write the solution of differential equation 


Hy etic theory three volumes on electro-mag- 


dy 1 

—-—ay= f(t as y= —— fit 

=~ ay=fi(t) as y= 40 
where D indicated the operation z 


The solution of this equation is, of course, 
yace +e fo f) di 


ce” being the complementary function and the second 
term the particular integral. The first term is inde- 
pendent of f(t) and depends upon the terminal 


(1) Attempts have been made, notably and apparently successfully by 
Carson, to reconcile this operational calculus with conventional mathe- 
matics. These were published in several numbers of the Bell System Tech- 
nical Journal, beginning in the November, 1925, issue. Dr. J. J. Smith has, 
however, shown, in the Journal of the Franklin Institute, November, 1925, 
that any such attempt is likely to fall short unless the conventional defini- 
tions of functions, derivatives, etc., are somewhat modified. 


conditions only. The second requires integration, 
often very laborious, especially in the case of difler- 
ential equations of higher order. 

Heaviside in a wav reversed the problem and de- 
cided to choose a particular function of (t), f(t), such 
that integration or the determination of the integra- 
tion constants would not be necessary. He used symbol 


p for the time differentiator, that is, p= z, and, 


furthermore, stipulated that integration and differ- 
entiation should in his system be inverse processes, 
and that any expressions involving p should follow the 
laws of ordinary algebra, that is, p could and should 
be treated as any other constant such as a, b or c, etc. 


F 
1 
Bn A 
tt 


Fig. 1 


t=0 


The particular function of (t) that he chose he 
denoted by 4, the “unit function,” and he stipulated 
(p. 130, Vol. 11) that 


(1) 


It will be seen later that with this definition, and 
with the stipulation that differentiation and integra- 
tion be inverse processes, the unit function becomes 
something, a force, an e.m.f., a current, a supply of 
heat, or what not, of unit strength which is applied at 
time ¿=0 and which remains constant afterward. 

In an electric circuit the application of the unit 
function of e.m.f. would thus be mathematically 
equivalent to applying a large storage battery of 
voltage unity to the system at t=0. The unit function 
has the shape shown in heavy lines in Fig. 1. 

Dr. J. J. Smith has suggested that if Heaviside had 
written Equation (1) as: 

1 4 
z (2) 


or perhaps even better as 


fo p 
2 1)= 46. 
AG In 
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there would have been less chance for confusion. 
The latter expression will be discussed in Part XXIII 


and is of interest only in connection with fractional 
n 


E br. 
differentiation. As a matter of fact, 4 — is numerically 


|n 


t" i 
equal to m after t=0 since the unit function is numeri- 
cally unity and is constant after t=0. Heaviside prob- 
ably used the form given in Equation (1) because it is 
shorter and gives the same result as Equation (2) 


in the majority of çases. 


1 
Referring again to Equation (2): It says 7 oper- 


ating upon the unit function is numerically equal to the 
n 


t 
unit function multiplied by in and this of course is 


1 
numerically equal to in from t=0 for all positive values 


of t. 
Referring to Equation (2): 


For n=1, = 4 = 1 tor, if we prefer, t 4 
p 
2 
For n=2, z 4=4%* 
2 
; d : E RFE ad 
. Since p= Pra must mean integration if it is to signify 


the inverse operation, thus li = Í 4 dt; and since this 
p 


1 t 
should be equal to f, it is evident that Fa = Í 4 dt 
0 


and his unit function is zero for negative values of t. 
It is a straight vertical line at t=0, which be- 


Q: 


comes horizontal from t=0tot= œ, as shownin ? [ 


t 
Fig. 1. The shaded area is ¿X1 =t and is f 4 dt. 
0 


It is thus readily seen how integration is obtained. 


1 1 Al t? 
14e a+; Zap fran Eee 
p Jo pP JoJo [2 


The case of differentiation is quite different, how- 
ever. The derivative of the unit function as it is shown 
in Fig. 1 is zero before and after ¿=0; but at t=0 it 
rises to infinity and returns to zero. It is not a univa- 
lent function of t at t=0 but it has an infinite number 
of values. It is therefore difficult to represent it in a 
simple way. 


If we study the chart o as n approaches —1 it 


will be found that it is zero before and after ¢=0, but at 
t=0 it becomes an infinite plane perpendicular to the 
paper. If we are interested in the positive real values 
only, we thus get a graph which represents p 4. 

The Operational Calculus is based upon the ordi- 
nary rules of algebra and upon the condition that 
integration and differentiation are inverse processes. 
Operational equations can be expanded in ascending 


a? fi a A 
w= 177 rc... |4= A 


587 


and descending powers of p, but as a rule the former 
expansion gives rise to divergent series which at best 
give only approximate results when a part of the 
series is used. Such expansions obviously do not fol- 
low the rules of algebra. The algebraic relation holds 
only when the expansion of the operational equation 
is in a form to give a convergent power series tn t. 

To illustrate the algebraic relation consider Equa- 
tions (3) and (4), given ~ Equation (4) gives: 


45 1 e 14 
pta 
Operate on both sides 2 p, then 
p 4 = p m e 4 
pra 


It must however be remembered that e” is the 
limiting value of the power series 


and that all the operations are based upon the 


n 
relation 2 {= - 4; therefore it is necessary to substi- 
P 


tute for e7” the power series development. Therefore 
0 E [1-14 01% 
a 


14 
pta [2 ] 
JE 


Each term in the brackets represents a certain 
graph which at t=0 is zero. Therefore the graphs are 
not in the least modified when each term is multiplied 
by the unit function. Therefore 

Jise 


and this is the result which is obtained in a purely 
operational way in Equation (3). 

It is interesting to note that when differentiating a 
product of terms, each of which contains some power 
in t and the unit function, the unit function enters as 
an ordinary constant. 


As a second illustration consider Equation (3): 


Po fae" 
pt a 


Multiply both sides by p+a, then 
2 42 
p14 =(pt+a) I-ai + Ty- o. ) 4 


Following the given rule 


342 
p1 914 (ara E 


+ta—at+ . J1- p1 


The identity is thus established. 


588 December, 1927 


The unit function itself and its derivative p 7 are 
certainly interesting functions. 

So, for instance, p 4, considered from the point of 
view of differential calculus, would mean something 
which at t=0 would rise to infinity and then come 
down to zero. 

To integrate such a thing is of course nonsense, 


but with Heaviside’s operator i acting on p 4 some- 
p 


thing very definite is obtained. We get back the unit 
function. This is a very important distinction. 

This may be illustrated in the case of charging 
a condenser when the leads have no resistance. 
We have then to deal with the “resistance oper- 
ator” of a condenser which will be shown later to 


bee or 1=pCE 4. 
pC 


This equation shows that the current rises to infinity 
and comes back to zero at t=0 and remains 


zero forever after. The charge taken by the con- 
denser is fiat in conventional mathematics and with 


Heaviside's operator it is 
2 1 
-=-pCE4A =4 CE 
p P 


This means that the charge taken is CE and that it 
remains CE forever after if nothing happens to the 
condenser. All of which agrees with the facts. 
Heaviside investigated other operators on the unit 
function, so, for instance (p. 88, Vol. 11), he showed that 


A 
a 

1+5 
P 


Again it would have been more complete had it been 
written 


— 4 = 4 — al or e 4 
a 
Lo 
p 
or since p is to obey all laws of algebra 
P 4 9 e “4 
pta 


His method of procedure in all such cases is, as he 
calls it, to ““algebrize'” the operator. Then 


es] i 
(1+2) 1= (++ | )1 
p p p 


by ordinary division. 


1 1 t? 
Since -1 =1 4, pe 4 = 3 4, etc. 
p art? at 


a [i-e 2 Bt | oe 


as a limiting value. 
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At this point may be asked, why algebrize Se 4in 
pra 


the form gop 4? 


14° 
p : 
p 1 
Why not in the form £ 4? 
ay? 
a 
The latter would give [2 — 2 +.... ] 4 
a a 
2 
while the former gives [pe 14 
0 p p 


The answer is that the former gives terms contain- 


ing powers of the values of which are known from 
p 


Heaviside’s fundamental definition (2). The latter 
ordinarily gives no useful information. It is in this 
case an infinite series each term of which, barring the 
first, taken individually is zero when t >0. Expansions 
in rising integral powers of p give rise to divergent 
series. This matter will be discussed later in Parts 
XXIV and XXV. | 


at 4. Heavi- 
+ 


a 
129, Vol. 11) that it represents 


Another operator frequently met is 


side shows (p. 


2 (1—e7*), or it should more properly be written 
a 


—— 4 =- (1-4. f 
AF z eo) 
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Heaviside does not tell how he arrived at his 
operational calculus. It seems however likely that it 
was by comparing directly the solution obtained by 
successive integrations with the solution obtained by 
“algebrizing” his operator. 

It is a fact that the solution of linear differential 
equations of any order of the kind used by Heaviside 
depend entirely upon the solution of the equatian of 
first order; therefore, to show the analogy, an equation 
of this type will be used. 
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Consider the case of a storage battery of voltage E 
connected to an inductive circuit at t=0. 
di 

The equation is then Espar. 2 or J 


r , 
thus 1=-— TEA 
SR f 0 L LdJo 


=; (E- ir) 


If this value of 7 is substituted under the integral sign, | 


we get as the first approximation: 


Eer [AaS fe] 
a y? bf, a | 


Continued substitutions give: 


E reo rr 
tsc Seer aona 

LY Le BB 
The first part, the power series in t, is converging so 
that in the limit the integral can be neglected. Using 


now Heaviside’s notation we have, 


(5) 


- + an integral 


E 4=1r+L cm irtp L1i=1(r+pL) 


Therefore 1 


r+pL 


1=ÉE 


1 (6) 


mE 


By division we get 

al rli rl 
¡== |-— E et 
Lip Lp Lp 


(7) 
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Comparing Equations (5) and (7) it is seen that in 
order to satisfy the solution obtained by conventional 
mathematics 


1 4 = j 1 4 = P ; etc. 
p p “2 
Incidentally, Equation (6) may be written 1 = ae oor 4 
a 


where a=>, and the solution as obtained from 


Equation (4) is: 


Summary 
Linear differential equations with constant coeffi- 
cients whose solutions are convergent series in t can 
be solved by operational methods if p is substituted 
d 
for at 
common laws of algebra and 1s usually brought in the 


The operational equation is subject to the 


; , — 1 1 
form of an infinite series in terms of -, = etc., which 


are evaluated from the relation Z 4 = a 4. 
"o mn 
In the preparation of this serial the author is 
greatly indebted to Dr. J. J. Smith and Mr. S. J. 
Haefner for valuable suggestions, to Dr. F. W. 
Grover for assisting in proof reading, and to Mr. J. R. 
Carson for the list of references. 


(To be continued) 


Sixth National Exposition of Power and 
Mechanical Engineering 


American industry is on its mettle today as never 
before. The manufacturers of the United States have 
been uniformly successful in meeting rapidly-changing 
conditions. This degree of success is indicated in 
industrial expositions which are held periodically. 

Beginning on December 5, and continuing through- 
out the week, the sixth annual “power show” will 
be held at the Grand Central Palace in New York 
City. The Exposition this year will present more 
than ever a comprehensive index of the developments 
of machinery and equipment for the generation and 
utilization of power. 

More than 500 exhibitors have engaged floor space; 
and the four floors which have been set apart for the 
exposition will contain the following exhibits: some 
400 relative to power generation, distribution, and 
utilization; between 200 and 250 of heating and venti- 
lating equipment, and refrigeration in a full range of 
capacities; more than 100 examples of the most up- 
to-date instruments for the measurement or control 
of time, pressure, temperature, volume, and other 


qualities requiring precise measurement. In addition, 
there will be shown many pieces of shop equipment, 
tools and machine tools. Of particular interest should 
be the heat and power generation equipment, which 
will occupy a large section. This will include displays 
of boilers, super-heaters, furnaces, stokers, valves, 
and other accessory devices found in steam plants. 
The exposition provides several well-defined ad- 
vantages. Occurring contemporaneously with the 
annual meetings of several national engineering 
societies, it should prove an important forum for 
engineers and manufacturers alike. Here the builder 
may display to greatest possible advantage the actual 
equipment he desires to sell and personally describe 
its advantages to potential users. On the other hand, 
the visitor is given ample opportunity to compare 
competing devices and to consult with experts of 
competing organizations with a minimum of travel and 
time. The increasing interest demonstrated in former 
years indicates a general appreciation of the exposi- 
tion as a supplement to the ordinary marts of trade. 
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The Application of Oxygen and Hydrogen 
to Industrial Operations 


PART II 


THE USES AND CHARACTERISTICS OF OXYGEN 


By F. P. WILSON, JR. 
Manager's Staff, Schenectady Works, General Electric Company 


industrial life as it is to human life; and as new 

applications are economically perfected, it 
will undoubtedly rank with other forms of industrial 
utilities such as light, heat and power. It already has 
a great variety of industrial uses in its gaseous and 
liquid states as well as in chemical combination with 
other elements. 

The greatest industrial use of gaseous oxygen is in 
the cutting of metals with the blow pipe, as shown 
in Fig. 10, an application which results in savings 
almost beyond calculation. This process has affected 
_ the price of steel by facilitating the preparation of 
scrap for the furnaces; and by reducing the cost of 
removing risers from castings and breaking up scrap 
machinery, it has eliminated other methods which 
would in many cases be prohibitive because of cost. 


CY nos: is rapidly becoming as essential to 


Metal Cutting 

The principle of the cutting process is based on the 
combustion of steel in pure oxygen. A suitably de- 
signed blowpipe, utilizing acetylene, hydrogen, or 
city gas properly mixed with oxygen, brings the tem- 
perature of the metal up to the point at which ignition 
will take place in the presence of free oxygen. By 
means of a valve control, a high-velocity jet of pure 
oxygen is released at this time and directed upon the 
previously heated metal, and combustion ensues. 
By moving the torch in the proper direction, the cut- 
ting process may be made to follow any desired path. 

Neat cutting of metal with a blowpipe is contingent 
upon two requirements, viz., that the oxide of such 
metal melt at a lower temperature than the metal 
itself and that the oxide neither combine with, nor be 
dissolved by the molten metal. In this connection cut- 
ting should be distinguished from melting or puddling. 

Plate Cutting. A new industry is being developed 
involving the use of cutting torches in steel-plate 
work. Fig. 11 shows the frame of a generator cut out 
of steel plate and fabricated by electric welding. 
Fig. 12 shows a number of plate-cutting machines 
used for cutting such plates, in addition to other 
regular and irregular shapes. 

The saving in machine operation costs through the 
use of this method is enormous, as are also the economic 
gains because of the reduced expenditure of capital 
for apparatus to perform a given quantity of work. 


Riser Cutting. The removal of risers from steel 
castings with the oxy-illuminating gas cutting torch, 
shown in Fig. 13, 1s an operation which has become 
as common as any other manufacturing operation 
involving the use of tools, and which has reached the 
stage of being indispensable in the steel foundry. 


Fig. 10. Cutting Up a “Frozen Ladle” by Means of an Ordinary 
Cutting Torch in Connection with an Oxygen Lance 
(Oxy-acetylene Tips) 


A 


Underwater Metal Cuttimg. The World War (1914- 
1918), gave an impetus to the development of under- 
water metal-cutting apparatus as a result of the large 
number of ship sinkings during the hostile period. 
The latest practice in this field involves the use of 
oxygen and the electric arc. The latter furnishes the 
ignition heat and the oxygen blown through the arc 
produces the cutting effect. 

In this instance we find that the gas flame usually 
used for preheating in cutting with blow pipes has 
been discarded in favor of the electric arc because of 


APPLICATION OF OXYGEN AND HYDROGEN TO INDUSTRIAL OPERATIONS 


the difficulty encountered in supplying sufficient heat 
when the apparatus is submerged. 


Oxygen in Iron Smelting 

The iron-smelting field appears to be a fertile one 
for the application of oxygenated air; the limiting 
factor at this time being the cost of oxygen. 
Preliminary work along such lines by the Bureau of 


Fig. 11. A Stator Frame Built up of Rings and Plates which Have 


Been Neatly Fashioned by the Oxygen Cutting Torch 
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Mines indicates that the use of oxygen to enrich 
the blast will: 

(1) Increase the output per furnace; 

(2) Increase the uniformity of product by admit- 
ting of much closer chemical control; 
Make possible the use of cheaper materials, ore 
of a lower iron content, coke higher in ash; 
Increase flexibility of the process by giving the 
operator a remedy for any irregularity or 
trouble occurring in the hearth and bosh sec- 
tion of the furnace; 


(3) 
(4) 


Fig. 12. A Battery of Plate-cutting Machines by Means of which Designs of a 
Great Variety of Shapes and Sizes May be Executed 
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(5) Decrease production costs (a) by rendering 
hot blast unnecessary, thus reducing the ini- 
tial investment by the cost of hot-blast stoves, 
and at the same time eliminating the use of gas 
for the operation of such stoves; (b) by remov- 
ing the necessity of charging with more coke 
than is theoretically necessary; and (c) by in- 
creasing the high temperature or melting heat 
available per unit of fuel. 

The curves in Figs. 14 and 15 show the theoretical 

effect of oxygen on the available hearth heat and the 
tuyere temperatures. 


Oxygen and the Bessemer Process 
Another possible future application of oxygen is 
in the manufacture of Bessemer steel. This process, 
as at present constituted, depends for its operation 
on the oxidizing action of jets of air blown through 
molten pig iron. The impurities of the iron, such as 
carbon, manganese, silicon, and in some cases phos- 
phorus, are oxidized, leaving the iron almost pure. 
The heat of the reaction makes the process almost 
self-sustaining. In a report by the Bureau of Mines, 
a prediction was made that the use of oxygen in the 
Bessemer process would produce a steel equal in 
quality to that obtainable 
> AAA with the open-hearth proc- 
p $ ess and at a reduced cost. 


Manufacture of Ferro Alloys 

The high temperatures 
required in the blast fur- 
nace reduction of ferro al- 
loys has permitted this 
method of reduction being 
applied in only a few cases. 
Ferromanganese is made in 
a blast furnace, but with 
a very high fuel consump- 
tion— about three times 
the amount used in iron 
smelting—while the heat of 
reduction of manganese is 
not very much greater 
than that of iron. 

However, the high criti- 
cal temperature of this 
alloy precludes any oxide 
reduction in the shaft of the furnace by throwing 
an overload on the hearth and bosh section. The 
use of an oxygenated blast increases the heat avail- 
able above the critical point and thus increases the 
output of the furnace. In addition, the loss of man- 
ganese entering the slag will be reduced by increasing 
the hearth temperature, and the loss of manganese 
vapor through the shaft will be diminished because of 
the reduced shaft temperature made possible by 
the elimination of some of the heat-carrying effluent 
nitrogen. 
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Oxygen in Water Gas Manufacture 

Water gas is produced by blowing steam through 
a bed of incandescent carbon. By means of proper 
temperature control and various chemical reactions, 
a gas is produced having a heat value of approxi- 
mately 300 B.t.u. per cu. ft. and consisting of the 
following : 


CO 24.5 per cent H: 17.8 per cent 
CH, so Oz a A 
Cats” ee E N: Sc ia al 
CO, B L 


To bring the B.t.u. content of such a gas up to legal 
requirements, a carbureter must be used to provide 
enrichment of the gas with hydrocarbon vapors. 

Present practice requires a blow period during 
which air is blown through the coal bed to produce the 
required temperature for the subsequent endothermic 
part of the cycle, when steam reacts with the hot 
carbon. 

The use of pure oxygen or oxygen-enriched air 
would reduce the blow run, increase the heating value 
of the gas by reducing its nitrogen content, and thus 
increase the output per pound of fuel and the plant 
capacity per dollar of invested capital. 

The limiting factor at this time appears to be the 
cost of oxygen production, which in turn depends 
upon the cost of power. It might be economically 
possible for some public utility companies to improve 
their power load-factors by the operation of oxygen 
plants and realize economies in the production of 
illuminating gas. This scheme might prove financially 
attractive also to those utility companies having 
excess power available. 


High-temperature Combustion 

In processes requiring high flame temperature the 
use of oxygen instead of air for combustion would 
effect considerable economies. It must be remem- 
bered that to burn one ton of coal approximately 14 
tons of air containing 10 tons of diluent nitrogen 
are used. The advent of Os in this field of combus- 
tion would make available a low-cost high-tempera- 
ture heat having a large sphere of application. 


Sulphur Dioxide Manufacture 

Wherelow-cost oxygen is available it is commercially 
possible to produce SO», for use as a refrigerant, by the 
combustion of pure sulphur in pure oxygen. This 
method precludes the necessity for the separation of 
SO, from nitrogen, which occurs when the process is 
carried out in air. 


Nitrogen Dioxide Manufacture 

Air enriched by oxygen to a 50-50 mixture gives 
better yields of nitrogen dioxide in the arc processes 
of making nitric acid; and, further, the N.O. fumes 
are more rapidly absorbed by the water in the towers 
when oxygen is used as a promoter. 
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Miscellaneous Uses 

Oxygen is used in lead burning, aluminum welding, 
for medicinal and therapeutic purposes, and for recov- 
ery of persons overcome by noxious fumes or gases. 
It is also used in fire and mine rescue work and by 
aviators in rarefied atmospheres. 

Oxygen may be further utilized in the following 
cases: to promote fermentation of wood cellulose and 
raw material from other sources in producing cheap 
alcohol in quantities for use as a motor spirit; the 
manufacture of formaldehyde from acetaldehyde, 
ethylene or methane; and the manufacture of syn- 
thetic methyl alcohol from methane by oxidation. 


Fig 13. Riser Cutting with Torches Employing Oxygen 
and Illuminating Gas Greatly Facilitates the 
Production of Large Castings 


The manufacture of nitric acid and nitric oxide by 
exploding gas mixtures rich in nitrogen and oxygen 
(enriched air) in an internal combustion engine, re- 
covering part of the energy of the reaction as power, 
has been suggested. 

Sulphur can be removed from sulphuretted hydro- 
gen by oxidation, forming water vapor and free sul- 
phur at comparatively low temperatures in the pres- 
ence of activated carbon as a catalyst, then dissolving 
out the free sulphur by means of a suitable solvent 
such as carbon tetrachloride. 


Historical 

` Oxygen was discovered by Dr. Priestly in England 
in 1774; and, in 1781, Lavoisier named it oxygen and 
disproved the phlogiston theory according to which it 
was assumed that every combustible substance con- 
tained material known as phlogiston which, in escap- 
ing, caused combustion. 
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Occurrence 

Oxygen is the most abundant of all elements. In 
the free state it forms about one-fifth of the volume 
of the air and, in chemical combination with hydrogen, 
forms eight-ninths of the weight of water. United 
with other elements, it constitutes about one-half of 
the rocks in the earth's crust and over one-half of 
animal and vegetable matter. It is absorbed by all 
animals during respiration and is given off in the 
free state by growing vegetable organisms exposed to 
sunlight. 


Characteristics 

Oxygen will not burn, but it supports combustion 
very vigorously. It will enter into combination with 
all elements except fluorine, and members of the 
helium group but it does not unite directly with 
chlorine, bromine or iodine. All substances that burn 
in air will burn with increased vigor in oxygen. 


300000 

pe pa A 
3 A E 

; a AE 
AA AA EEE 
$ Ae 
100000 

AAA AAA AAA 
AAA AAA AMAN 
ATA AMA E 


70 PERCENTAGE Q IN BLAST 


Fig 14. The Effect of Oxygen Upon Available Hearth Heat 
in a Blast Furnace 
(U. S. Bureau of Mines) 


It is a colorless, odorless and tasteless gas. Oxygen 
forms oxides by direct combustion with nearly all 
elements except: certain inert elements, helium, neon, 
and argon; the halogens, fluorine, chlorine, bromine 
and iodine; and the precious metals, silver, gold and 
platinum. Some metals, notably silver, in the molten 
state absorb oxygen which is given off during subse- 
quent solidification of the metal. Wood charcoal 
absorbs about 18 times its volume of oxygen at 
ordinary temperature, and as the temperature is 
reduced, its absorption power increases until at 
— 185 deg. C., for example, one volume of charcoal 
absorbs 230 volumes of oxygen. 


Oxidation 

The process in which oxygen unites with other 
substances is called oxidation. This action may be 
~ the slow rusting of iron, the oxidation of oily waste, 
or the rapid burning of carbon. 

Chlorine, also, is an oxidizing agent, but in another 
sense, because it is involved in a process increasing 
the valence of the elements with which it combines, 
rather than adding oxygen; thus 


2 Fe Cl, + Cl; > 2 Fe Cl; 
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The action opposite to oxidation is reduction, de- 
fined as the process in which Oz is taken from 
substances. In Part I of this serial, mention was 
made of the use of hydrogen as a reducing agent, as 
in the displacement of Cu 


CuO + H, =: HO + Cu 


- Function of Oxygen in the Lungs 


The bodily heat of all animals is furnished by the 
oxidation of certain constituents of the blood as it 
passes through the lungs. 

Pure oxygen can be inhaled for a short time with 
safety, but only relatively small amounts are needed 
to produce a sense of narcotism or to increase the 
body temperature in a normal healthy person. It 
has been successfully used in the treatment of pneu- 
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Fig. 15. The Theoretical Tuyere Temperatures Available 
Through the Use of a Cold, Dry, Oxygenated Blast 
(U. S. Bureau of Mines) 


monia and some claims have been made regarding its 
value in curing seasickness. 

An atmosphere having less than 7.6 per cent of 
oxygen present will not sustain human life. 


Combustion 

The combination of oxygen with carbon or hydro- 
gen in various solid, liquid, or gaseous forms of fuel is 
commonly known as combustion. This process takes 
place under widely different conditions and manifests 
itself usually by the evolution of heat and light. 

A special form of combustion sometimes occurring 
in piles of coal, haystacks, or greasy rags is known as 
spontaneous combustion, and is caused by gradual 
oxidation induced by a slow circulation of air through 
the material, the rate of circulation being insufficient 
to carry oft the heat as fast as generated by such 
oxidation. 

It may not be generally appreciated that in the 
various forms of explosives there occurs a combus- 
tion or recombustion of oxygen with other constitu- 
ents; and that in such materials a distinction is made 
between rapid combustion, explosion and detona- 
tion, all being different degrees of speed of oxidation. 
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Ignition of Metals and Oils 
The effect of oxygen on the ignition points of 
several representative metals is shown in the curve 
prepared by the U.S. Bureau of Mines, which is 
reproduced in Fig. 16. 
TABLE VI 


IGNITION TEMPERATURE OF OILS IN OXYGEN 
(U. S. Bureau of Mines) 


Oil Degrees C. Degrees F 
Kerosene......ooooocooo omo. o... 175 350 
Lubricating 0il.................. 170 310 
Sperm Oe ee O a ee ee ria 135 280 
Linseed nia as bh Ao 120 250 


The formula for the temperature produced in 
adiabatic compression of gases, when applied to 
oxygen shows that a temperature of 350 deg. F. is 
reached if the ultimate pressure is 50 lbs. gauge; and 
the ignition point of linseed oil, for example, 1s 
reached at a pressure of only about 30 lb gauge. 


K-1 
T: Pa K 
T, P, K for oxygen =1.4 
710 (2 N 
520 


0.285 
1.365 = (=) 
15 


log 1.365 =0.285 log = 
P,=45 1b. absolute = 30 lb. gauge 


Liberation of Oxygen from Compounds 

When applied under proper conditions, heat causes 
oxygen to be liberated from the following compounds: 
oxides of mercury, silver, gold and platinum; perox- 
ides of hydrogen, lead and manganese; chlorates, 
nitrates, bichromates of potassium and other metals. 

Most of the bleaching agents produce the bleach- 
ing effect by means of liberated oxygen from the 
bleaching compound. 
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Ozone 

Ozone (Qs), or allotropic oxygen, was discovered in 
1840 by Schénbein. Ozone containing three atoms 
of oxygen is endothermic, absorbing heat on forma- 
tion. The temperature of formation and decomposition 
of ozone being very nearly the same, the gas must be 
removed from the heat zone immediately after forma- 
tion to prevent a reversible reaction into oxygen, 
although heat is necessary for its formation. The pro- 
duction of ozone is made much less difficult by using 
pure oxygen instead of air. 
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Fig. 16. The Effect of Oxygen at Various Pressures 
Upon the Ignition Points of Metal 
(U. S. Bureau of Mines) 


Ozone is colorless, and has a penetrating odor not 
unlike that of chlorine. Its commercial value depends 
on its ability to oxidize substances at very low tem- 
perature as compared to oxygen. It is an excellent 
deodorizer and a valuable adjunct to ventilation 
systems. Ozone destroys bacteria in water and forms 
an excellent purification agent for this purpose. It 1s 
often found preferable to chlorine as a bleaching 
agent because of its nonpoisonous characteristics. 


PHYSICAL AND CHEMICAL PROPERTIES OF OXYGEN 


Atomic symbol =0 
Molecular symbol =0; 
Valence=2 : 
Atomic weight =16.000 
Molecular weight = 32.000 
Density =1.42900 gm. per litre (Morley). 
per litre (Rayleigh) 
Density (liquid 02) =1.27 gm. per cc. (—235 deg. C.) 
(Kaye and Laby) 
Critical temperature, 6. = — 118 deg. C. (v. Wroblewski, 1885) 
Critical pressure, p =50 atmospheres (v. Wroblewski, 1885) 
Critical volume: 


Air = 1.2928 gr. 


volume at 0. and p = 
volume at 0 deg. C. and 760 mm. 100126 
(v. Wroblewski, 1885) 


Boiling point = — 182.9 deg. C. (at 760 mm. Hg.) 
(Travers, 1902) 


v = 


Melting point = —219 deg. C. (Dewar, 1911) 
Specific heat, cp = 0.2497 cal. per gm. per deg. C. (20-800 
E C.) (Holborn and Austin, (Reichsanstalt) 1905) 


Ratio * -£ = 1.400 (5-14deg.C.) (Lummer and Pringsheim, 1898) 


Specific heat (liquid 0) =0.347 cal. per gm. per deg. C. 
(—190 deg. G. ) (Alt, 1904) 
Latent heat of vaporization (liquid 02) = 58 cal. per gm. 
( Young, 1910) 
Thermal conductivity = 5.63 X1075 (7 deg. C.) (C. G. S. units) 


(Winkelmann, 1875) 
Coefficient of expansion 
=0.0036738 (0-100 deg. C., const. vol., 66 cm. Hg.) 
(Makower and Noble, 1903) 
=0.00486 (at 100 atmos. const. pressure) (Amgat, 1890) 
Viscosity =187 X10 (at O deg. C.) (v. Obermayer, 1876) 
Electrochemical equivalent =0.08286 mg. per coulomb 
(Rayleigh) 


(To be continued) 
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Economies Effected by the Electrification of 
the Paulista Railway 


By S. B. FORTENBAUGH 
Railway Engineering Department, General Electric Company 


HE electrification of the 
| Paulista Railway has al- 
ready been described in 
this magazine (Y and others. One 
of these articles, which appeared in 
the October, 1921, issue of Revista 
Brasileira De Engenharia, Brazil, 
was prefaced by a general state- 
ment briefly outlining some of the 
advantages to be realized by the 
substitution of the electric for 
the steam locomotive and more 
particularly referring to the prob- 
able economies to be expected 
from the change. Through the 
courtesy of Dr. Jayme Cintra, Inspector General, 
of the Paulista Railway, it is now possible to 
present general data showing the comparative oper- 
ating costs of steam and electric traction on the 
Paulista Section, extending from Jundiahy to Rincao, 
for the three calendar years 1923-1925. The actual 
economies effected check so closely with the estimated 
values that the original estimates are here reproduced 
as a matter of easy comparison and general interest, 
along with the actual results obtained during this 
three-year period. The repeated information consists 
of the several following quotations from the article, 
and Table I and Fig. 1 which give the actual steam 
and estimated electric operating costs. 

“Table I gives the Cia. Paulista's actual operating 
costs of conducting trains—all lines—for the years 
1916-1920 inclusive and also the estimated costs for 
the same period assuming electric operation. Time 
does not permit of a segregated analysis of the indi- 
vidual operating costs for this five-year period, the 
estimates for electric operation being based on a 
previous detailed investigation of the 1918 service. 
For this reason they are submitted only as approxi- 
mate values but with the general assurance and 
belief that they are well within the probabilities and 
reasonably accurate.” 

Fig. 1 shows these values graphically so as to better 
enable us to appreciate and comprehend the enor- 
mous savings to be effected by the substitution of elec- 
tric for steam traction. 

The actual operating costs per train-kilometer, as 
submitted by the Paulista Company, for the years 
1923-25 are given in Table II and shown graphically 


1)"Electrification of the Paulista Rai'way, Brazi!, South America,” by 

Bearce, July, 1921, p. 620; “Cia Paulista de Estradas Ferro,” by 

Guy Bellows, May. 1924, p. 312; "The Third Extension of the Paulista 
Electrification,” May, 1927, p. 274. 


Electric operation on the Paul- 
ista Railway, in Brazil, again 
claims attention. Its relative cost 
of wood, coal, or oil, and kilo- 
watt-hours over a pertod of years 
is a striking example of the oper- 


ating economy of electric traction. 
The figures are taken from the 
Ratlway’s cost reports and, al- 
though in Brazilian monetary 
units, they furnish directly com- 
parative values.— EDITOR 


in Fig. 2. They represent com- 
parative operating costs for steam 
and electric traction on the 1.60- 
meter gauge of the Paulista Sec- 
tion of the Paulista Railway be- 
tween Jundiahy and Rincao, a 
total distance of approximately 
286 route-kilometers. A part of 
the electrified zone—Jundiahy to 
Campinas, 44 kilometers—is dou- 
ble track so that the total amount 
of main-line single track included 
in this section approximates 330 
kilometers. During this three- 
year period the average extent 
of the electrified section can roughly be assumed 
to extend from Jundiahy to Boa Vista—53 route- 
kilometers, or the equivalent of approximately 
100 kilometers of main-line single track. The aver- 


TABLE I 


EXPENSE OF OPERATING TRAINS 
(CONTOS DE REIS)* 


1916 1917 1918 1919 1920 
Steam Operation 
Waste................ 37 34 47 50 57 
Water supply......... 47 34 41 40 94 
Misc. supplies........ 156; 184| 214| 251 308 
Lubricants........... 198} 206| 202; 214 345 
Total Misc. Material 438| 458| 504! 555 804 
Dea DOT se ie ow Sey 1,410) 1,606) 1,789) 2,344] 3,026 
Puelo 2,842) 3,296; 3,822; 4,822| 8,459 


Misc. material........ 219 229) 252! 278 402 
LADO: et hae Sow bared aa 940! 1,071] 1,193 1,562| 2,017 
Electric power........ 964; 1,099; 1,176 1,191] 1,537 
Maint. Elec. Equipt...| 3001 300, 300: 300 300 

Grand Totals....... 2,423 an 2,921, 3,331; 4,256 

Saving by Electric Operat'n 

Contos de reis........ 2,2671 2,661: 3,194, 4.: 390, 8,033 
Per centeo aereis ini 56. 9 65.3 


+> =a k 


*The monetary unit (Brazilian ‘‘contos de reís'*) in which the items in 
this table are expressed had a value of about 325 U. S. dollars during the 
period 1916-20.—EDITOR 


age yearly number of train-kilometers, on which 
the unit costs are based, is 3,353,793 and 812,- 
626 for steam and electric operation respectively, 
or a ratio of approximately 4.13 in favor of steam 
operation. A brief reference to some of the more 
evident advantages of electric traction, including 
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an analysis and summary of the Paulista costs, 
follows: 

“Electrification of main-line steam railways, in the 
large majority of cases to date, has been undertaken 
largely as a necessity because of tunnel and terminal 
operating difficulties which made the use of steam 
locomotives either highly objectionable or virtually 
impossible. The Cia. Paulista is among the first, how- 
ever, to adopt electricity as a motive power solely for 
reasons of economy and the general improvement of 
service. IRE 

“The electric locomotive requires only periodic 
inspection, resulting in greatly reduced maintenance 
charges, and is virtually independent of the round 
house, coaling stations, water tanks, ash pits, etc., 


MON Cost of misc. material and supplies 


Cost of maintenance, electrical 
equipment 


Steam Operation 


è| | 
~ 


Y 


Electric Operation 
12000 


10000 Engine and train + 
———_ crews, round N 
— house employees 


Saa: O 


Contos de reis 


Y, 
A, Y 
YA KATOU 


Fig. 1. 
with the Estimated Cost of Electric Operation on All 
Lines of the Paulista Railway 


The Actual Cost of Operating Steam Trains Compared 


so essential for the frequent repairs and constant 
grooming of the steam locomotive. This freedom of 
action is reflected, many times over, in increased 
cruising radius and longer hauls, a greatly increased 
daily mileage, lower engine and train crew expense, 
etc., and is a valuable asset in favor of the electric 
locomotive. The freedom of the electric locomotive 
from the construction and operating restrictions in- 
herent with the steam engine has, furthermore, per- 
mitted a design which will radically change existing 
operating methods and traditions rather than merely 
replace the steam engine and duplicate its past per- 
formance. 

“The electric locomotive has established new levels 
for low maintenance costs, experience having clearly 
demonstrated that electric motive power can be main- 
tained for much less than the cost of steam engines 
for the same tonnage handled. From the standpoint 
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of reliability, we likewise find a very marked improve- 
ment in favor of the electric locomotive because of 
its greater flexibility in meeting the varied and exact- 
ing requirements of general transportation service. 
Of perhaps even greater importance, particularly to 
Brazil, is the direct saving to be effected in operating 
costs by the substitution of hydro-electric for steam 
power. General data are therefore presented herewith 
in an effort to more clearly demonstrate the extent 
of the more evident of these direct savings, particu- 
larly by the substitution of electric for steam power 
as applied directly to the Paulista electrification 
problem.” 


Electric 


N- Oil, wasteetc 


Loco. Repairs 


=== 5 
= RAR 


Engine and Train 
Crews, etc. 


Ireis 


[Year [Steam Elec. | 
11923132111 724 | 
11924 |3,457| 730 | 
11925 13,394] 984 | 


N 

Dn 

O 
a 


Saving 59.2 Percent of Steam Costs 
Saving 59.6 Per cent of Steam Costs 


N 
Oo 
e 

EY 


Ca 
~ 
8 
E€ 
© 
9 
+ 
w 
+ 
O 
4. 
c 
v 
o 
L 
1) 
a 
o] 
m 
Me] 
T 
£ 
> 
Y 


R Saving 52.2 Percent of Steam Costs 


| Engine Fuel 


High and Low 
Tension Dist'n 
Systems 


Substations—[(O 
Oil, Waste, etc SS 


Loco Repairs TV 
Engine andTrain dE 


Crews, etc. 
|| 


Operating Costs per Train Kilometer-M 


Elec Power 


| 
| 
| 
| 
| 
| 
| 
| 


|| 


3 
[o] 


! 
Q’ 3 Q a y 5 
Years 


O! 


Avges 
3 Years 


1G i y. 0 
Years 


AYQLS 
3 Years 


Fig. 2. Actual Operating Costs Per Train-kilometer (Steam vs. Electric 
Traction) on the Paulista Section During the Three-year 
Period 1923-1925 


Coal, Wood and Oil Equivalent Per Kw-hr. 

Coal. From an extended series of careful tests and 
observations it has been found that the ton-miles 
moved by an average of 6.66 lb. of coal on the engine 
tender of a steam locomotive is approximately equal 
to that which can be moved by one kilowatt-hour 
output at the low-tension substation terminals. This 
comparison includes all the transmission and con- 
version losses inherent in electric operation, as well 
as the standby and miscellaneous losses of the steam 
engine. It is sufficiently liberal and accurate, further- 
more, to include all classes of service, miscellaneous 
switching, etc., and any usual and reasonable varia- 
tion in the kind and quality of coal. From this it 
follows that one ton (2000 lb.) of coal on the engine 
tender is the equivalent of approximately 300 kw-hr. 
of electric power delivered to the secondary distri- 
bution system. 


ECONOMIES EFFECTED BY ELECTRIFICATION OF THE PAULISTA RAILWAY 


Wood. From the investigations of Brazilian steam 
railway practice it is found that the work done by one 
ton of coal is equal, on the different railways, to that 
accomplished by from 8.0 to 9.5 cubic meters of wood. 
For the purpose of this comparison it is assumed that, 
in work done, 8.5 cubic meters of wood represents 
a fair average equivalent of one ton of coal. From 
the figures given it is therefore possible to make a 
direct comparison between the cost of coal or wood 
on the engine tender and the equivalent cost per 
kilowatt-hour of delivered power. On this basis one 
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cent for the years 1906 to 1925 inclusive. In the year 
1925, for example, the average cost of wood to the 
Paulista Company was approximately 9$400 per cubic 
meter and the equivalent cost of electric power at 
the high-tension substation terminals (Figs. 3 and 4) 
was 0$219 per kw-hr. 

Oil. From tests made by the U. S. Government, 
various railroads, etc., it was found that the average 
work done by a ton of coal on the steam engine is 
approximately equal to that done by 3.75 barrels 
(158 gallons) of oil. From this it follows that the work 


TABLE II 
OPERATING COSTS PER TRAIN-KILOMETER 


1923 | 1924 1925 | 1923-25 
STEAM ELECTRIC STEAM ELECTRIC | STEAM ELECTRIC AVER. TOTALS 3 YRS. 
'Matl. |Labor| Total| Matl. |Labor| Total} Matl.'Labor| Total Matl.!Labor! Total; Matl.|Labor| Total Matl. Labori Total| Steam | Electric 
General 
Total train-kilome- 
ters ooo nieni 3,210,606 724,236 3,457,024 729,750 3,393.750 983,892 3,353,793| 812,626 
Tons of coal...... 63,104 AN 63,538 (ates 82,780 eee 69,807 en 
Cost of coal per M l 
ONS. iad oases 145$900 103$600 104$200 _ 1168500 
Cubic meters of | 
wood. 697,262 754,992 744,251 732,168 
we of wood. per 
DIC 7$600 88700 95300 8$560 
Cost. of power per 
kw-hr.......... | 0$040 08040 05040 08040 
Conducting Trains | | 
Engine and train E | : 
crews, ctc...... .. |0$547 /08547 0$339 0$339 pelle ieee .. 10$471,0$471 ils 08736 0$525/0$525 0$668 0$454 
Fuel—coal....... 28656] .. 28656 ae ig 1£91 1$91 Há Ja A 23245 F 28245 = és ne r 
Fuei—wood....... 0$708 0$708 08876 08876 a Ka big 03798 05798 35060 
Electric power. Be 08571 | .. 108571). .  108577| .. 108577 | .. .. 108672 08672 7 0$614 
Lubricants. . - 08037 0$037 03114 03114 0805 5) 080: 55 08028 io) 08028 | 08052 08052 | 08025 08025 08048 08026 
Waste, etc........ OS105| .. ¡OS105| .. f 0$209 0$209 (08101 0$101| 0$182 0$182/0$165 0$165 0$167 0$123 
Totals....... 3$506 ee 0$685!08339|1$024 38056. :08715 33771/08706/0$471|15177 | 3$277/0$736/4$013 | 0$862.0$525|1$387 33943 1$217 
Locomotive Repairs... 0$111)0$155,0$266| 08056 0$088'0$144) 0$197/0$166/0$363 |0$453'0$114 08567 | 0$149 0$177/0$326!08110/08106 0$216 0$319 08300 
Substations....... 08020108089 0$109 08043/08112 081551 02020 08093 08113 0%124 
Sec'y dist'n system . 08006:08067 08073 03002/08044.02046 08001/03020 02021 08044 
H-t. trans. line... 0$005 0$043 0$048' 0$005 0$026 0$03 1 | 0$006 08027 08033 : 0$037 
Totals... .... | 0$031|0$199|08230: 0$050.0$182 08232 0$027/0$140 08167 0$205 
Grand Totals.. P 0$702148319|0$772/0$626|1$398 38253 08881|4$134|1$209 0$767|1$976 3$426,0$913|48339|08999 0$771|18770|  4$262| 18722 
ran otais— 
U.S. Cents.. aa 21| 8.78 53. 99| 9.65! 7.83:17. 48) 10.66/11.01/51.67/15. r 9. 59:24.70" 42. e 41/54, 24/12. | 9. 64; 22.131 53.28 21.53 
Saring— Favor of Elec. | 
Traction 
Per train-kilometer 25921 25158 25569 28540 
Per cent of steam 
COS isis 67.6 52.2 59.2 59.6 


NOTE—The average exchange for the three-year period has been assumed at approximately 8$000 per U.S. dollar, or one milreis (1$000) equals 12.5 U.S. cents. 


cubic meter of wood burned on the steam engine is 
equivalent, in work done, to approximately 35.0 
kw-hr. of delivered power. 

The average annual cost of wood per cubic meter 
on the Paulista Section for the years 1906-1925, 
clusive, is shown in Fig. 3, the dotted portion of de 
curve showing an estimate of the probable minimum 
increase in cost during the next six years. This illus- 
tration shows also the equivalent cost of power, in 
work done, corresponding to the actual cost of wood 
during this period and (based on the exclusive use of 
wood fuel and the approximate contract price for 
electric power, 0$040 per kw-hr.) indicates a saving 
in the cost of fuel only, ranging from 35 to 82 per 


done by one barrel of oil (42 gallons) is the approxi- 
mate equivalent of 80.0 kw-hr. delivered at the low- 
tension substation terminals. 

Table III gives the equivalent costs of the various 
kinds of fuel on the steam engine tender vs. the cost 
of power at the high- and low-tension substation 
terminals, these values being shown graphically in 
Fig. 4. 


Basis of Estimates 

The work done by one kw-hr. at the substation 
d-c. terminals is assumed to be the equivalent of 6.66 
lb. (3.02 kg.) of coal on the engine tender or 5.5 lb. 
(2.5 kg.) of coal if measured at the substation a-c. 
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terminals. One ton of coal (2000 1b.) is the equivalent 
of approximately 300 kw-hr. (2000/6.66) at the d-c. 
substation bus or 364 kw-hr. (2000/5.5) at the sub- 
station a-c. terminals. These ratios assume an aver- 
age all-day substation conversion efficiency of approx- 
imately 82.5 per cent. 
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Fig. 3. Comparative Cost of Wood Per Cubic Meter on Engine Tender 
and the Equivalent Electric Energy Per Kilowatt-hour at High- 
tension Terminals on the Paulista Section 


One ton of coal is assumed as the equivalent of 8.5 
cubic meters of wood, t.e., the work done by one 
cubic meter of wood is equal to approximately 35.0 
kw-hr. (300/8.5) or 43.0 kw-hr. (364/8.5) when 
measured at the d-c. and a-c. substation ida 
respectively. 

TABLE III 


Equivalent Costs of Fuel on the Steam Engine Tender vs. 
Electric Energy Delivered at Substation Terminals 
(EQUIVALENT COSTS IN MILREIS) 


ELECTRIC POWER PER 
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_EW-HR. AT SUBSTATION | Coal Per Ton | Wood Per | Oil Per Barrel 
Dec. roe (2000 Ib.) Cubic Meter (42 gal.) 
Terminal Terminal 
03100 0$0825 30$000 3$530 88000 
0$150 031237 453000 5$290 12$000 
0$200 031650 608000 7$060 16$000 
0$250 0$2063 755000 8$820 20$000 
0$300 0$2475 90$000 10$590 24$000 
0$350 0$2888 105$000 12$350 28$000 
0$400 0$3300 120$000 143110 32$000 
0$450 0$3713 135$000 15$880 363000 
0$500 0$4125 * 1508000 17$650 40$000 


One ton of coal is assumed as the equivalent of 
3.75 bbl., or approximately 158.0 gal. of oil, i.e., the 
work done by one barrel of oil is equal to approxi- 
mately 80.0 kw-hr. (300/3.75), or 97.0 kw-hr. 
(364 /3.74) when measured at the d-c. and a-c. sub- 
station terminals respectively. 
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The figures just given are intended to include all 
conversion and distribution losses from the high- or 
low-tension substation bus, as well as the standby 
and all miscellaneous losses of the steam engine, and 
are submitted as representing average values corre- 
sponding to the usual proportion of freight, passenger, 
switching, and miscellaneous train service. 

The total operating costs as submitted are 4$262 
and 1$722 per train-kilometer for steam and electric 
traction respectively, a saving in favor of electric 
traction of 2$540 per train-kilometer, or 59.6 per cent 
of the steam operating costs. These costs, further- 
more, are on the basis of approximately four times as 
many train kilometers by steam as for electric trac- 
tion; and it 1s to be expected that the saving in favor 
of electric traction will materially increase when the 


“number of train-kilometers are approximately equal. 


This is a very large percentage of the total operating 
expense, and clearly shows the wisdom of the Paul- 
ista Company’s decision to substitute electric for 
steam traction. 
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Fig. 4. The Equivalent Costs of Fuel on the Steam Engine 
Tender as Compared with the Cost of Electric Energy 
at Substation Terminals 


The most essential and important fact established 
by these comparative operating costs is the saving 
effected by the substitution of electric power for fuel. 
The average costs of power alone per train-kilometer 
for the three years 1923-25 are given by the Paulista 
Company as 3$060 and 0$614 for steam and electric 
traction, respectively. These figures show a saving 
of 2$446 per train kilometer in favor of electric power. 


ECONOMIES EFFECTED BY ELECTRIFICATION OF THE PAULISTA RAILWAY 


or a saving of practically 80.0 per cent in the cost of 
fuel for the steam engines. The magnitude and impor- 
tance of the annual saving, total for the items included 
as well as for fuel only, is more clearly indicated by 
assuming all steam and all electric traction for the 


TABLE IV 
Steam Electric 

Totals Submitted Per Annum 

Train-kilometers (Thousands). . 4,167 4,167 

Costs per train-kilometer...... 4$262 1$722 

Total costs as submitted....... 17,760:0008| 7,176:000$ 

Saving favor of elec. traction... 10,584 :000$ 
Fuel or Power Only Per Annum 

Train-kilometers (thousands)... 4,167 4,167 

Costs fuel, power per train km.. 3$060 0$614 

Total costs fuel or power...... 12,751:000$| 2,559:000$ 

Saving favor of elec. traction... 10,192:000$ 
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averages of the three-year period under consideration. 
These figures are briefly indicated in Table IV. 
The totals presumably include only the more evident 
costs directly affected by the change in motive power 
and none of the many items of which the costs—and 
savings—are not directly attainable, t.e., the increased 
revenue due to the release of equipment used in the 
transportation of fuel, more efficient use of freight 
equipment due to higher speeds, reduced maintenance- 
of-ways costs, less wear and tear on equipment, less 
station and similar expense required due to the fewer 
number of trains required for a given tonnage, etc. 
The actual saving due to these items is virtually 
incapable of accurate determination from a purely 
engineering standpoint and must be capitalized 
largely by those who are directly responsible for the 
control and operation of the particular road under 
consideration. 
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Industrial Electric Heating 


PART Ill 


MELTING NON-FERROUS METALS 


By N. R. STANSEL 
Industrial Engineering Department, General Electric Company 


industry as a whole begins with the reduction of 

ores. Electrothermal methods are used to a 
certain extent for the reduction of ferrous ores but, 
so far, have not been applied on a commercial scale 
to the reduction of non-ferrous ores. In the present 
part of this serial we are concerned only with the 
melting of non-ferrous metals and their alloys. 

The term “melting” includes, in addition to bringing 
the metal to the molten state, the further heating of 
the metal to some higher temperature, referred to as 
the pouring temperature if the metal is to be used for 
casting, or the working temperature if the metal is to 
be used for coating, as in galvanizing and tinning. 
The term “superheated metal” is also used to denote 
metal raised to some temperature above its melting 
point. : 

A partial summary of the present use of electric 
heat in melting non-ferrous metals and alloys as 
given by Gillett is as follows: 


Eea as applied to the metal 


(a) Type metal. Electric heat used to melt 25 per 
cent. 

Nickel and its alloys. Electric heat for melting 
is standard practice. 

(c) Brass, bronze, and nickel silver produced by 
rolling mills. Electric heat used to melt 90 per 
cent. 

Brass, bronze, and nickel silver produced by 
foundries. Electric heat used to melt 30 per 
- cent. 

The items (c) and (d) are the large ones in this esti- 
mate and represent a total melt of approximately 
1,300,000 tons for the year 1926, over 50 per cent of 
which was melted in electric furnaces. 

To this estimate should be added the general 
use of electric heat in comparatively small units 
for melting soft metals and their alloys, e.g., tin, 
lead, solder, babbitt, etc., which combined form a 
large item in the grand total of non-ferrous melting 
Service. 

In Table VIII the non-ferrous metals in general use 
are arranged in the sequence of their melting points, 
and are divided into two groups for convenient refer- 
ence in the considerations of electric heat for melting 
service. Up to the usual pouring temperatures of the 
metals of Group I, the melting service is within the 


(b) 


(d) 


References: 


range of electric melting equipment using the nickel- 
chromium alloy heating unit. The higher temperatures 
of the metals of Group II require the use of either the 
arc furnace or the induction furnace. 

Alloys are individual in their thermal characteristics 
t.e., their melting points, specific heats, and latent 
heats vary according to the nature and proportions 
of their mixed constituents. For the melting point of a 
given alloy, reference should be made to its equilibrium 
diagram; e.g., see Figs. 44 and 45. In some cases a 
pasty stage occurs in the change from the solid to the 
liquid state and the temperature at which liquefaction 
is complete should be taken as the melting point. 


TABLE VIII 
| Melting Boiling 
Metal Point, s’ s" L Point. 
Deg. F. | Deg. F. 

GROUP I 
iii, 449 | 0.055 | 0.064 26 | 4118 
Bismuth......... 518 0.031 | 0.036 23 2606 
Cadmium........ 610 0.062 25 1433 
adria 620 0.034 | 0.04 10 2777 
ZINC bien eh eee 786 0.10 51 1706 
Antimony........ 1166 0.05 73 2624 
Magnesium....... 1204 0.33 126 2048 
Aluminum........ 1217 0.25 0.31 | 138 3272 

GROUP II 
SUVs tr 1762 0.76 38 3551 
Copper.......... 1982 0.126 76 4190 
Manganese....... 2300 0.12 3452 
Nickel........... 2646 0.16 8.4} 3617 


s' = mean specific heat up to melting point (approx.) 
s” =specific heat in molten state. 
L =1latent heat of fusion, B.t.u. per pound. 


For a large number of alloys the melting point is 
below the melting temperature of the constituent 
metal highest in the melting temperature scale. 
However this is not a general rule. 

Regnault determined that for alloys with melting 
points considerably removed from 100 deg. C. (212 
deg. F.) the specific heat of the alloy is an additive 
property and can be calculated by multiplying the 
specific heat of each constituent metal by the per- 
centage amount of the metal in the alloy and dividing 
the sum of the products by 100. The approximate 
value of the latent heat of fusion of the alloy can be 
obtained in the same way. 


Figs. 1 to 23, Tables I to TIT, Equations (1) to (8b), Examples 1 to 3, and Footnotes (1) and (2) appeared in Part I (October issue). | 
Figs. 24 to 43, Tables IV to VII, Equations (9) and (10), Examples 4 to 6, and Footnotes (3) tu (13) appeared in Part II (November issue). 
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Example 7: Copper-zinc alloy; Cu 60, Zn 40. in which 
Specific heats; copper 0.13, zinc 0.10. h = kilowatt-hour input 
Latent heats; copper 76, zinc 51. h, = kilowatt-hours absorbed by the metal 
Es (60 X0.13) + (40 X0.10) h, =heat lost by conduction through the walls of 
100 the furnace in kilowatt-hours. (0 
=0.118 h,' =heat stored in the walls of the furnace in 
AREE (60X76) + (40x51) kilowatt-hours. (0 
100 Cu Zn 
= 66 1100 
Sag HE EE 
The specific heat of metals increases with the sala : ets apa 


temperature up to the melting point. The specific 
heat of molten metal is usually assumed to be con- 
stant. Tables of specific heats of solids are available 
generally. Data on the values of specific heats of 
molten metals are meagre. 

The heat absorbed by a metal in the operation of 
melting and bringing it to some temperature above 
the melting point is obtained by the use of Equa- 
tion (2) in Part I of this serial. This equation is here 
repeated for convenience: 699 


WXSs'X(Tm-Ta)+(WXL)+WX "(T-T m) 


SREGEES | | tt 
yop ti tt i tt O O T) 
2 Se Ree eee SERRE ERE 
MAPA ESE SAREE ESD 
PROA ERE PARES A 

DEIA A O A A A a cg 
AUN E EA A A AA AO A 
PEREA AAA A A ta 
eE ERE Aa AA 


Temperature Degrees C 
œ 
O 
O 
E 


h,= —— (2) soo O TCTC 
3412 0 10 20. 30 40 50 60 70 
ad Per cent Zinc by Weight 


Fig. 45. Equilibrium Diagram of Copper-zinc Alloys 


h, = kilowatt-hours absorbed by the metal. 
W =weight of metal in pounds. 
T,,=melting point of the metal, deg. F. 


T, =initial temperature of the metal, deg. F. 1600 ta A 
T; = final temperature of the metal. AN — 
L =latent heat of fusion, B.t.u. per pound. 1390 El En 
s'=mean specific heat of the metal within the ida jaj | 
temperature range T, to T w. o WAN 
’ ; . pia e AA 
s” =specific heat of the metal in the liquid state. 1000 AE a 
P Sn $ AF E 
S OTIT SORA AAA ADE 3 800 anu E 
aa HENTAI AAA A AE l A 
gS mote HEH g gag pam E 
e y 
3 g = SS A AAA > AA a 
AS 00 A A 
a A 
s FCO o arg Ba 
SN O Are aa a e MON B 
TO 0 O CCI o a 8030 100 E en as ie a d pen ii 
er cent Tin by Weig $ ounas 
Fig. 44. Equilibrium Diagram of Lead-tin Alloys Fig. 46. Heat Capacities of Non-ferrous Metals 
Example 8: What is the heat absorption of the metal The operating efficiency of the furnace is: 
in melting 1000 1b. of lead, pouring temperature 700 E hth. h’ 
deg. F.? The various factors are: N + N (12) 
W = 1000 T „ = 620 T;=700 in which 
T¿=70 s’ =0.034 s”=0.04 E= kilowatt-hours per ton of metal melted. 
L =10 N =number of tons of metal melted. 
1000 X 0.034 X (620—70)+(1000X<10)+1000Xx0.04x(700—620) Where small quantities of metal are 
h, = E Cn melted the operating efficiency 1s gen- 
=8.7 kw-hr. j erally expressed as pounds per kilowatt-hour. 


The heat loss of the melting operation (k.+h,”), in 


The total heat input to a furnace in melting a Equation (11), is in nearly all cases a large item in 


given quantity of metal is: 


(4) The use of Equations (2) and (5) of PartI in estimating the values 
h= ha +h,+h,! (1 1) of h, and h,’ will be taken up in later paragraphs. 
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the total heat required. The estimates of the two 
quantities comprising this loss are not very accurate 
due mainly to the lack of exact data on the thermal 
properties of materials. Hence, in practice, there is no 
need for exactness in the determination of the value 
h, (Equation 2) in which specific heat and latent heat 
of fusion are factors. This permits the use of approx- 
imate values of s’, s”, and L, and, where alloys are 
concerned, the neglect of the heat of combination of 
the metals. An estimate of the heat required for 
melting (Equation 11) is required for use in determin- 
ing the kilowatt capacity needed for a given equip- 
' ment and melting service, and for calculating the 
probable operating efficiency. 

The production of molten metal in quantities is 
usually accomplished by the more or less continuous 
process of melting and pouring; t.e., the furnace is 
charged, the metal melted, poured, the furnace re- 
charged, etc. Within a certain time after starting the 
operation, the furnace walls will have absorbed the 
quantity of heat, k,’, of Equation (11). Afterward, this 
initial charge of heat does not affect the operating 
efficiency of the furnace; and the longer the period of 


| 
continuous operation, the less the value E of Equation 


(12) affects the operating efficiency of the total 
period. The rate of increase of the operating effi- 
ciency (t.e., the rate at which the kilowatt-hours 
per ton decreases) decreases. rapidly at first but be- 
comes negligible after a certain period of time de- 
pending upon the design of the furnace. The general 
shape of the operating efficiency curve is shown in 
Fig. 47, which represents the results obtained from a 
small (30-kw.) induction furnace melting an alloy of 
the composition 60 Cu, 30 Zn, 5 Sn, 5 Pb. In this 
particular case it will be noted that there is but little 
gain in operating efficiency after 14 to 16 hours of 
operation. The values for the operating efficiency 
curve for any given furnace will depend of course 
upon the metal or alloy being melted. In general, the 
less the heat storage capacity of the furnace walls the 
shorter will be the time before the effects of this 
quantity of. heat upon the operating efficiency be- 
comes negligible. On the other hand, the less the 
quantity of stored heat the greater the value h, in 
Equations (11) and (12). 

The cooling curve of a metal or alloy in passing 
from the molten state to a solid at room temperature 
can be divided into three periods: 


(A) Cooling to solidification. 
(B) Cooling of the solid metal through the range 
of temperature within which grain growth 


occurs. 
(C) Cooling below Period (B). 


The rate of cooling of a metal or alloy during the 
Period (B) fixes the character of the grain structure. 
The result of slow cooling is a coarse grain structure 
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while rapid cooling gives a fine grain structure. As the 
physical properties of a metal or of an alloy depend 
upon the character of the grain structure, the rate 
at which a casting is cooled is an important factor 
when certain physical properties of the metal are 
desired. 

The rate of cooling of a casting in a mold during the 
important Period (B) is determined by the thermal 
properties of the body of the mold (including cores) 
and by the thermal condition of the mold at the 
beginning of the cooling Period (B). 

By thermal properties of the mold is meant the 
heat storage capacity and the thermal conductivity of 
the walls, including the top and bottom of the mold. 
The initial flow of heat from the molten metal, after 
being poured into a mold, is into the structure of the 
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Fig. 47. Operating Efficiency Curve of an Electric 
Melting Furnace 


$ Kilowatt-hours per ton. 
(B) Number of tons melted. 


mold which of course raises the mean temperature of 
the mold. If the heat storage capacity of the mold is 
small compared to the quantity of heat brought into 
the mold by the molten metal, the heat storage ca- 
pacity of the mold will have but little effect upon the 
cooling rate of the metal during the Period (B) and 
the rate of cooling of the metal during that period 
will be governed by the temperature gradient—from 
metal to surrounding air—and the thermal conduc- 
tivity of the walls of the mold. 

If the mold has a comparatively large heat storage 
capacity the rate of cooling of the metal during Period 
(B) will depend upon the rate of heat penetration into 
the mold, t.e., upon the diffusivity of the materials of 
the walls of the mold. (More or less moisture in the 
walls of the mold in effect adds to the heat capacity 
of the walls, as the evaporation of each unit weight 
of water requires a definite amount of heat.) The 
greater the quantity of heat stored in the molten metal 
above its melting point, t.e., the higher the pouring 
temperature of a given mass of metal, the higher will 
be the mean temperature of the walls of the mold at 


INDUSTRIAL ELECTRIC HEATING 


the beginning of the cooling Period (B) and the lower 
the rate of cooling of the metal during that period. 
There is thus a direct relation between the char- 
acter of the mold into which the molten metal is 
poured, the pouring temperature, and the rate of cool- 
ing during the Period (B). The pouring temperature 
must be high enough to insure free flowing of the 
metal and to give sufficient fluidity to permit any 
impurities which may be in the molten mass to float 
to the surface. Also, in case of an alloy, the pouring 


TABLE IX 

Melting mas oe 

Metal or Alloy Tem a Temperatures 
PM aa ee re 449 600 
GOA AA tung eee 620 850 
LIDO seed ue bik oe dott 786 840 
Aluminum........... 1217 1472 
Type Metal......... 460 650 
Babbitt Metal....... 455-500 860 
Die Cast Alloy....... 743 800 
Solder 4 and &..... 360-450 650 
Solder 2 and 1........ 365 520 
Brass 60-40......... 1634 1880 
1832 2120 


Brass 80-20......... | 


temperature must be high enough to avoid the risk 
of the less fusible element, or elements, settling out 
before pouring. In any case, the minimum pouring 
temperature is that which permits the mold to be 
entirely filled with molten metal and which permits 
the metal to begin to solidify immediately after the 
pouring is completed. Any temperature higher than 


Fig. 48. Typical Cast-in Immersion Electric 
Heating Unit 


this minimum has as its basis the influence of the rate 
of cooling during the Period (B) and also the other 
factors that have been discussed. 

Owing to the wide variety of both castings and 
molds for each metal, and for each of the multitude of 
different alloys, and to the many kinds of service in 
which castings are used, the values of correct pouring 
temperatures must be derived from experience. No 
general tabulation of these temperatures has real 
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application value, but Table IX is included to furnish a 
perspective of the range for common metals and alloys. 
The importance of correct pouring temperatures is 
recognized by every foundryman. Wolf and Romanoff 
state,“5) “we cannot think of a single operation in 
the foundry that has more influence in determining 
the quality of the ultimate finished product than that 
of pouring at the proper temperature.” This state- 
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Fig. 49. Diagram Showing Construction of Electrically-heated 
Melting Pot Having External Heating Units 


ment can be extended to all metal melting service 
where the quality of the cast metal is a factor of 
importance in the finished product. 

The accurate control of the temperature to which a 
mass of metal is heated is a matter of the degree of 
control over the flow of energy supplied to heat the 
mass. The well-nigh perfect control over electric 
energy is applied to control the temperature of the 
metal in the use of electric heat for melting service. 
This distinctive feature of electric heat in itself 
accounts for an extensive application of electric 
energy in industrial melting service. 

The ideal method of melting metals is by the 
development of heat within the mass, 1.e. internal 
heating. In this way the surface resistance factor 
favors the heating, the rate of heating is the max- 
imum, and the heat loss is the minimum. Induction 
heating is a practical method of internal heating for 
melting but may not be the most economical method 
of using electric heat for melting in all cases. For the 
entire range of non-ferrous metal melting service, four 
methods of applying electric heat have been devel- 
oped: 

(a) Heating units placed within the receptacle for 
the metal. In this method immersion units, such 
as that shown in Fig. 48, are employed. 

(b) Heating units mounted on the outside of the 
walls of the receptacle, as illustrated in Fig. 49. 

(c) The induction furnace. 

(d) The arc furnace. 


(18) In a paper, **Notes on the Proper Melting and Pouring of Brass and 
Bronze. * presented at the May, 1923, Meeting of the American Foundry- 
men's Association. 
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safe value. Aside from the consideration of safety, 
which applies to melting pots in general, the degree of 
heat insulation is a matter of economy of heat 
together with the desirability of limiting the outside 
surface temperature to a value which will not un- 
duly affect nearby objects nor make the nearby 
working space uncomfortable. 

The need for the refractory inner lining in the 
melting-pot construction that is shown in Fig. 49 
depends both upon the temperature of the molten 
metaland the character ofthe heat-insulating material. 
Usually for metal temperatures below 1000 deg F., the 
refractory lining is not necessary. A semi-refractory 
lining material is used in some designs of melting pots. 
A refractory lining may be useful on account of its 
heat-storage capacity which assists in maintaining 
an even metal temperature, particularly in melting 
operations where cold metal is added in comparatively 
large amounts to the molten metal. The closer the 
metal temperature is held to the working temperature, 
the higher will be the melting capacity of the pot. 
The principal objections to the use of a refractory 
lining for a melting pot are the weight of the lining 
and the increased time required for heating up. 

With open-top melting pots, the greater part of the 
heat loss is by radiation and convection from the 
exposed hot metal surface (see Fig. 53). It is therefore 
general practice to cover the top surface of the molten 
metal with a blanket of heat-insulating material, such 
as crushed graphite, diatomite powder, etc. to reduce 
the loss from that surface and to minimize oxidation. 

Fig. 54 gives the total heat loss of open-top 
cylindrical melting pots of standard construction, like 
that shown in Fig. 52, for various diameters and with 
depths ranging from 20 to 25 in. The values given are 
also approximately correct for rectangular and oval 
open-top melting pots of corresponding top-metal- 
surface areas and of similar construction. 

Soft-metal melting service is divided into two 
classes, vrz: 


(a) Melting quantities of metal for pouring cast- 
ings. 

(b) Holding a body of metal at some given tem- 
perature for applying metal coatings, as in tin- 
ning, hot galvanizing, etc. 


In the first noted class of service the kilowatt 
capacity needed for a melting pot is the kilowatts 
required for heating the metal at the desired melting 
rate plus the kilowatts necessary to supply the con- 
tinuous heat loss. For the second class of service 
the kilowatt capacity needed 1s that required to heat 
the metal to be coated at the desired rate of operation 
plus the kilowatts required to melt the metal which 
forms the coating plus the kilowatts necessary to 
supply the continuous heat loss. The heat required to 
melt the metal which forms the coating is usually a 
comparatively small item. 


GENERAL ELECTRIC REVIEW 


Vol. 30, No. 12 


As a general rule, some additional kilowatt capac- 
ity over that noted in the preceding paragraph is 
installed to provide a more rapid heating up when 
starting from room temperature and to prevent too 
large a temperature drop in the molten metal when 
cold metal is added. The exact amount of this addi- 
tional kilowatt capacity is a matter for judgment 
based upon the heat storage capacity of the equipment 
and upon the intended method of operation. 

Example 9: In Example 8 the heat absorbed by the 
metal is 8.7 kw-hr. Assume that an 18-in. diameter 
open-top melting pot with uncovered metal surface 
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Fig. 53. Division of Heat Loss from Open-top Melting Pot 


(A) Total heat loss from pot. 
(B) Heat loss from exposed metal surface. 


is used and that the rate of melting is 1000 Ib. per hr. 
From Fig. 54 the heat loss is found to be 3.4 kw. The 
kilowatt input while melting is (8.7+3.4)=12 kw. 
For a pot of this size and of the construction shown in 
Fig. 52, an addition of about 3 kw. would be con- 
servative for average conditions and would give the 
pot a rating of 15 kw. 
With this kilowatt capacity, the maximum melting 
eS for a pouring temperature of 700 deg. F. would be 
—3.4 


? 


8.7 
lead melted per kilowatt-hour will depend upon the 
method of operation. For continuous operation, the 
operating efficiency in the example given would be: 


=1335 lb. of lead per hour. The pounds of 


1000 
12 
=83 lb. per kw-hr. 


E.= 


If the pot 1s operated at a lower rate of melting the 
operating efficiency would be lower. Thus, assume that 
during one-half of the time the pot is idle but that the 
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lead is held continuously at 700 deg. F. The rate of 


melting is now == 675 lb. per hr. The rate of 


input of energy is now 
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Heat absorption of iron, from Equation (2a) 


2265 X 0.12 X (600 — 70) 
3412 
=43 kw-hr. per hr. 


h= 


8.7 X675 
1000 EEEN Heat absorption of tin, from Equation (2) 
and we have 
675 p= 35 X 0.055 X (449 —70) + (35 X 26) +35 x 0.064 X (600 — 449) 


— =72 lb. per kw.-hr. 
9.3 


It should be noted that the operating efficiency is 
not affected by the value of the kilowatt capacity 


installed in the equipment. The kilowatt-hours 
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Fig. 54. Heat Loes from Open-top Melting Pots 


(A) Bare molten-metal surface. 
(B) Molten-metal surface covered with 
2 in. of diatomite powder. 


required for a given melting service depends only 
upon the rate of melting and the continuous heat 
loss. The heat stored in the walls of the melting pot 
should of course be taken into consideration as stated 
in Equation (12). However, this is usually neglected 
in making estimates for small equipments. 


Example 10: As an example of a melting pot for 
applying a metal coating we will assume a tin pot. 
The operating data are: 

Output = 2300 1b. of tin plate per hour. 

Tin melted = 35 lb. per hr. 

Iron heated = (2300-35) = 2265 Ib. per hr. 

Temperature of tin bath =600 deg. F. 


3412 
= (0.60 kw-hr. per hr. 


The total heat absorption of the metals is thus 44 
kw-hr. per hr. 


In the tinning process there is of necessity a con- 
siderable heat loss so that the operating efficiency of a 
tin pot is not high. Because the operation is continu- 
ous, 24 hr. a day, the heat stored in the walls need 
not be considered. A reasonable operating efficiency 
to assume is 50 per cent. Then the rate of energy 


input is Eas = 88 kw. 
0.50 


Taking 25 per cent as a reasonable margin over 
the estimated value, the connected load of the tin 
bath would be 110 kw. The operating efficiency 


would be a = 26 lb. of tin plate per kw-hr., or, as 


expressed in the tin-plate industry, 4 kw-hr. per 
base box. 

If the operation of a melting pot is such that it is 
permissible to allow the metal to cool to a certain 
extent between periods of use of the molten metal, 
it will be economical to allow the metal to cool if the 
loss of stored heat (in the walls and in the metal) 
resulting from cooling is less than the continuous loss 
of heat through the walls if the metal were held at the 
pouring temperature during the idle periods. This 
balance between loss of stored heat and continuous 
heat loss must be determined for each equipment and 
each particular method of operation. 

The kilowatt capacity that can be installed in a 
given melting pot using the cast-in immersion unit is 
limited, of course, by the space available in the 
pot for the heating units. The maximum kilowatt 
capacity that can be used with the externally-heated 
pot, Fig. 49, depends upon the method of temperature 
control used. The limit is fixed by the permissible 
temperature of the heating units. This temperature 
for the nickel-chromium alloy unit should not exceed 
1950 to 2000 deg. F. If the temperature of the molten 
metal is controlled directly from the metal, the 
temperature gradient between the molten metal and 
the heating units must be taken into account, and this 
limits the capacity of the heating units to about 
20 watts per square inch of the side area of the pot. 
If the control of the temperature of the molten metal is 
from a point outside of the melting pot and adjacent 
to the heating units, approximately double this 
value, t.e., 40 watts per square inch of the side area of 
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pot can be used. The latter method of control does not 
give as close regulation of the metal temperature as the 
control direct from the metal and is not often used. 

The importance of close control of the pouring 
temperature when making castings has been empha- 
sized. The working temperature of molten metal used 
for applying metallic coatings is of equal importance. 
Close control of metal temperature requires auto- 
matic temperature control. For the soft metals, the 
automatic temperature control equipment is the 
standard “On and Off” type of control in general 
use with electric heating apparatus; and this equip- 
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(or working temperature as the case may be) after the 
addition of a quantity of cold metal to the molten 
metal while the latter is at the temperature at which 
the operation is being conducted. Thus if 100 lb. of 
cold metal is added and the metal in the pot 
regains its temperature within 10 minutes, the melt- 
ing rate of the pot for that metal and temperature is 
ane en = 600 lb. per hr. 

The melting pot (stereotype pot) installation in 
Fig. 55 is a typical application of electric heat for a 
service—melting type-metal in a newspaper plant— 


Fig. 55. 


Stereotype Melting Pot, Holding Capacity 6 Tons. 


Equipped with{twelve 5-kw. 


cast-in immersion electric-heating units and automatic temperature control 


ment will be described in later paragraphs. Even with- 
out regard to the quality of the product, automatic 
temperature control is generally advisable for the 
larger soft-metal melting pots, say of 10 kw. and larger, 
on account of the saving in attendance. Depend- 
ing upon the degree of quality wanted, automatic 
temperature control may be desirable for the smaller 
soft-metal melting pots. Where the first cost of auto- 
matic temperature control is not warranted, a three- 
heat hand-operated switch is generally used. For 
example, a melting pot such as shown in Fig. 52 with 
a connected load of 5 kw. would have two heating 
_ units, one of 2 kw. and one of 3 kw. This with a 
three-heat switch would provide three heating rates: 
2 kw., 3 kw., and 5 kw. 

The melting rate of a soft-metal melting pot is 
measured by the time that it takes for the charge of 
molten metal to regain the pouring temperature 


where reliability is the paramount consideration. 
The form of immersion heating unit used for this class 
of work is shown in Fig. 56. A number of heating 
units are installed in each pot to provide the proper 
distribution of heat and to prevent the failure of a 
unit impairing the service. The location of the heating 
units and the blanket of diatomite heat-insulating 
powder can be seen in the frontispiece of this issue. 

Example 11: An example of stereotype-pot melting 
service follows: 


SUOLCOLV DS DOU caia rar Cast iron 
A mee force ahd ack ikaw iaa ee, Me es 
WASH MES: T C Cia card Oe ru ake 32 in. 

e A IA 
CATA rd APA ASE 14,000 1b 
Pouring temperature.... ¿uvas DOCS. Te 
Room TEMPE Oir A k i 70 deg. F 
Neélting pint OF BUOYS: ..6 6 ise cde iar pe 460 deg. F 
Specific heat of alloy, Mead... oiesios. vs 0.04 
Latent Heat. OF: BNO. iria oa alee 17 
METE rca be sr a thle Ces aoe EO 1 JOE Oe 
Hest loss; rom Peo DE iran 22 MEW 


INDUSTRIAL ELECTRIC HEATING 


Disregarding the heat stored in the walls of the pot, 
for continuous operation the rate of heat input to the 
equipment is found by Equation (11) to be 43 kw. 
This is 58 lb. of metal per kilowatt-hour. 

A stereotype pot of the size specified in Example 11 
has a connected load of 50 kw. During a run of 
5.5 hr., 10,200 lb. of type metal were melted. This 
required 190 kw-hr. This is 53 lb. per kw-hr. However, 
to obtain the average result the heat loss during idle 
periods must be taken into account. The pot was in 
service 11 hr. a day and was idle, but held at pouring 
temperature, during the remaining 13 hr. of the 24-hr. 


Fig. 56. Type of Heating Unit Used in the Stereotype 
Pot of Fig. 55 


period. The energy used during the idle period was 
156 kw-hr. The energy used during the 11-hr. opera- 
tion, melting at the rate of 1855 lb. per hr., was 
380 kw-hr. The total kilowatt-hours per day was 
(380+ 156) =536. The amount of alloy melted was 
20,400 lb. This gives an average result for this 


method of operation of 38 lb. of alloy per kilowatt- 


hour. 

An electrically-heated melting pot for melting 
aluminum is shown in Fig. 57. The pot is made of 
cast iron and the heating units are placed around the 
outside of the pot, the arrangement being similar to 
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that shown in Fig. 49. The connected load is 32 kw. 
The rate of melting averages 70 to 75 lb. per hr. As 
there is considerable idle time during which the metal 
is held at the pouring temperature of 1392 deg. F., the 
average output is 2.6 lb. of aluminum per kilowatt- 
hour. ; ' 
The electrically-heated lead-melting pot in Fig. 51 
is of interest because of its size alone. The inside 
dimensions are: diameter 50 in., depth 50 in. The 


Fig. 57. Electrically-heated Melting Pot for Aluminum. Holding 
capacity 410 1b., connected load 32 kw. 


service is melting lead to supply a hydraulic press 
which applies the lead sheath to electric cables. The 
rated capacity is 3500 1b. of lead per hour at a pouring 
temperature of 660 deg. F. The heat absorption of 
lead for that temperature is 17.4 kw-hr. per ton. 

For an average output of 2000 1b.. of lead per hour 
at 660 deg. F., operating 8 hr. a day, the energy 
required is 30 kw-hr. per ton. For two shifts per day, 
the corresponding figure is 25 kw-hr. per ton. For 
continuous operation at this rate, the average result 
is 22 kw-hr. per ton, and for continuous operation at 
rated capacity it is 20.4 kw-hr. per ton. 


(To be continued) 
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The Use of Welding for Fabricating 


Roof Trusses 


By WILLIAM DALTON 
Manufacturing General Department, General Electric Company 


ROOF truss consists of two chord members lat- 
A ticed together by a system of tension and 

compression members which transfer the 
compression stresses to the top chord and the tension 
stresses to the bottom chord. So far it has been the 
usual practice to use a pair of angles both for the 
chords and connecting members, with gusset plates 
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Fig. 1. 


and rivets as the means of fastening the angles to- 
gether. The use of rivets necessitates punching holes 
in the truss members, and these holes cause a greater 
waste of material than merely that which is removed. 
The loss is equivalent to a strip of metal the full 
length and thickness of the member in which the 
hole is punched and as wide as the diameter of the 
rivet. 

One-half of the connecting members are in com- 
pression and the other half are in tension. In com- 
pression, angles are not as efficient as H-beams but 
have been generally used because of the ease of 
making riveted joints with them. Tension members 
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must be straight when applied so as to prevent a 
distortion of the truss under load. Channels are best 
suited for such tension members because they provide 
more metal directly in line with the applied load than 
any other section that has flanges to hold it straight. 

This analysis indicates that if H compression beams 
can be economically fastened to channel tension 
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Comparison of Riveted and Welded Roof Trusses 


members a truss can be made with the least amount 
of metal for a given load. It is not easy to rivet this 
combination of shapes together, but welding pro- 
vides a means of making the necessary connections. 
It also avoids the loss of metal caused by rivet holes 
and does not require the gusset plates needed for 
riveted joints. 

The welded truss design in Fig. 1 is a combination 
of H compression members and channel tension mem- 
bers which is flexible enough to accommodate the 
variations in the size of members required for the 
different parts of the truss. The chords are made of 
H-beams with flanges placed inthe vertical plane. They 


THE CHARLES A. COFFIN RAILWAY AWARD FOR 1926 


can be reinforced at the center if necessary by weld- 
ing extra plates to the webs. The tension channels are 
fastened to the outside faces of the chord flanges, and 
the H compression members are fastened to the inside 
flanges of the chords. 

Seats for roof purlins are provided by plates welded 
to the top flanges of the upper chord. These plates are 
punched for the purlins and give a connection to the 
truss without lowering the efficiency of the chord. 
Where sway bracing is needed, a channel is used for 
the purlin plate with its flanges turned down and 
punched for the diagonal brace rods. 


611 


A long series of tests has proved that a definite size 
weld of a given length made with a specified current 
and electrode has as definite and dependable holding 
value as a rivet. Skillful arc welders thoroughly 
equipped can make a cheaper connection than the 
riveted joint of equal strength. 

The riveted and the welded trusses in Fig. 1 are 
designed for the same load and stresses. Riveted 
trusses are about 40 per cent heavier than the welded 
trusses, and bids received for both constructions show 
a considerable saving in cost by the use of the 
welded truss. 


The Charles A. Coffin Award for 1926 Made to the 
Grand Rapids Railroad Company 


tric Railway Association, at Cleveland, the 

Grand Rapids Railroad Company was pre- 
sented with the fifth annual Charles A. Coffin Award. 
The prize, consisting of an appropriate gold medal 
and a cash payment of $1000 to the Employees' Bene- 
fit Association, was given in recognition of the signal 
accomplishments of the railway company during the 
year. Since the institution of the Charles A. Coffin 
Foundation, the award has been given to those com- 
panies which have made “a distinguished contribution 
to the development of electric railway transportation 
for the convenience of the public and the benefit of 
the industry.” 

In the present instance, the award was made in 
consequence of what has been called “pioneer work 
in improving transportation facilities.” This consisted 
in choosing rolling stock at once light, comfortable 
and attractive, and in so thoroughly establishing 
a general appreciation of the benefits of the trolley 
service to the local public that successful competition 
with automobile traffic was made possible, in spite of 
the fact that the locality served was not one particu- 
larly well adapted to extensive street railway traffic. 

The financial status was placed on a new footing 
through the establishment of a coóperative policy 
with employees and stockholders. Claims to back 
dividends of eight years were relinquished by the 
stockholders; the employees were kept in touch with 
the corporate interests by extending to them the 
privilege of entering conferences with department 
heads. Interest was further stimulated by offering 
payment for helpful suggestions, and by fostering 
within the organization an attitude of personal re- 
sponsibility for well-ordered business life. 

To secure the codperation of the public in carrying 
out the program assumed by the company, it became 


A T THE annual convention of the American Elec- 


necessary at the outset to “catch the public eye.” 
This was accomplished by the institution of voting 
contests, as in the choice of car type and in naming 
new cars, and by participating prominently in public 
celebrations and demonstrations. These activities 
were entered into with enthusiasm on the part of the 
general public, and the interest of corporate and 
municipal organizations alike was demonstrated by 
proffers of indorsement and assistance in furthering 
the company’s plans. 

Thus in so effectively establishing new policies _ 
and practices in railway operation, and in so com- 
pletely securing the public confidence and support, 
the Grand Rapids Railroad Company has been 
adjudged worthy of the Charles A. Coffin Award. 
Its material prosperity has indeed been advanced; 
but it is not only in this that prosperity has been 
shown. The increase of the non-material assets 
should be recognized also; the gaining of public 
confidence and municipal favor, and the awakening 
of a corporate spirit of good-will and coóperation 
are worthy items to be entered among the assets of 
the company. 

The pursuance of broad aims, accompanied by evi- 
dences of progress in excess of the normal growth of 
a corporation under efficient management, is worthy 
of note; and it is this the administrators of the 
Charles A. Coffin Foundation seek to recognize and 
encourage. The record made by each recipient of 
the Award should properly stand as a goal for kindred 
enterprises whose purposes, broadly expressed, are to 
sell and to serve. 

The committee of the American Electric Railway 
Association which decided on the award consisted of 
W.H. Lawyer, President; R. P. Stevens, Chairman 
of the Public Policy Committee; and James H. 
McGraw, of the McGraw-Hill Company. 


The previous railway awards were made to the following companies: 


1922—-Chicago, North Shore and Milwaukee Railroad Company. 


1923—Northern Texas Traction Company. 


1924—Pittsburgh Railways Company. 
1925—Pennsylvania-Ohio Electric Company. 
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LIBRARY SECTION 


Condensed references to some of the more important recent 
41111 Mesaj teen’ articles in the technical press, and to new books of interest to 
— a the industry, as selected by the General Electric Main Library. 


Arc Welding 
Arc- Welding in Buildings. Joseph Matte, Jr. 
Amer. Weld. Soc. Jour., Sept., 1927; v. 6, pp. 46-66. 


Cars, Gas-Electric 


Electric Drive as a Motorcoach Transmission. Charles 
Froesch. 


Soc. Auto. Engrs. Jour., Sept., 1927; v. 21, pp. 268-276. 


Electric Drive—Steel Mills 


Electrification of Rolling Mills in the Structural Depart- 
ment, Homestead Works, Carnegie Steel Company. 
R. H. Wright. 
Elec. Jour., Sept., 1927; v. 24, pp. 419-426. 
Recent Developments in Electric Drives for Rolling Mills. 
L. A. Umansky. 
A.I.E.E. Jour., Sept., 1927; v. 46, pp. 885-892. 
(Includes bibliography of six entries.) 


Electric Power 


Progress in Power Generation. W. S. Gorsuch. 
A.I.E.E. Jour., Sept., 1927; v. 46, pp. 916-933. 
(Annual report of the A.I.E.E. Committee on Power 
Generation.) 


Electrical Machinery, Fires in 


CO, Fire-Fighting Equipment at Long Beach Steam Plant. 
. C. Gaylord. 
Elec. Wid., Aug. 27, 1927; v. 90, pp. 339-401. 
(Details of the CO: equipment used.) ° 


Elevators, Electric 


Mechanical Equipment of Electric Lifts. J. Price Walters. 
I.M.E. Proc., No. 2, 1927; pp. 567-576. 


Generators, D. C. 


How to Operate D-C. Generators at Voltages and Speeds 
Other than Given on the Nameplate. C. B. Hatha- 


way. 
Power, Sept. 6, 1927; v. 66. pp. 353-356. 


Insulators—Testing 
Dielectric Puncture Under Oil. 
W. W. Shaver. 
Elec. Wld., Sept. 10, 1927; v. 90, pp. 503-504. 
(A short account of tests on Pyrex and on porcelain 
insulators under oil.) 


J. T. Littleton and 


Laboratories 
Wireless Works Laboratory. P. K. Turner. 
I.E.E. Jour., Sept., 1927; v. 65, pp. 881-902. 
(‘‘Presents details of the equipment of a laboratory 
devoted to the problems of broadcast reception.’’) 


Lightning Protection 
Protection from Lightning—I. F. W. Peek, Jr. 
Elec. Wld., Aug. 20, 1927; v. 90, pp. 351-355. 
(A paper presented before the International High- 
Tension Conference in Paris, July, 1927. Serial.) 


Lubrication and Lubricants 


Lubrication. W. R. Ormandy. 
I.M.E. Proc., No. 2, 1927; pp. 291-329. 
(A study of the theories underlying the performance 
of lubricants.) 


Pipes and Piping 
Modern Developments in the Steam Piping Field. A. B. 


Williams and C. W. Welch. 
Chem. & Met. Engng., Sept., 1927; v. 34, pp. 547-550. 


Power Factor 
Most Economical Power Factor; A Practical Design For- 
mula for Distribution Circuits. H. S. Litchfield. 
A.I.E.E. Jour., Sept., 1927; v. 46, pp. 904-912. 


Protective Apparatus 


Protective Equipment for Air Cooled Turbo Generators. 
K. Thielsch. 
AEG Progress, Aug., 1927; v. 3, pp. 241-244. 


Radio Engineering— Frequency 
New Frequency Transformer or Frequency Changer. 
Isaac Koga. 
Inst. Radio Engrs. Proc., Aug., 1927; v. 15, pp. 669-678. 
(On the principles and performance of a triode oscilla- 
tor for such use.) 


Radio Engineering—Reception—Interference 


Suggestion of a Connection Between Radio Fading and 
Small Fluctuations in the Earth’s Magnetic Field. 
G. Breit. 
Inst. Radio Engrs. Proc., Aug., 1927; v. 15, pp. 709-723. 
(Includes a bibliography of six entries.) 


Ship Propulsion, Electric 


Applications of Electricity in Warships. 
Clelland. 
I.E.E. Jour., Sept., 1927; v. 65, p. 829-871. 
(Chiefly concerned with materials used and on the drive 
of auxiliaries. Brief attention to electric propulsion.) 


William Mc- 


Substations 
Inexpensive 11-Kv. Outdoor Substation. C. E. Schnell. 
Elec. Wld., Sept. 3, 1927; v. 90, pp. 451-453. 
(Illustrated description of a substation of the San 
Joaquin Light & Power Corp. It is of pipe construc- 
tion.) 


Vibrations 
Anti-Vibration Installations. 
Engng., Aug. 26, 1927; v. 124, pp. 259-261. 
(On methods of installing machinery to minimize 
vibration and noise.) 


Water Turbines 
Hydro-Electric Turbines in General and for Niagara in 
Particular. F. Nagler. 
W. Soc. Engrs. Jour., Aug., 1927; v. 32, pp. 233-242. 
(An illustrated account of their construction and 
principles of operation.) 


NEW BOOKS 
(These and other Technical Books may be purchased through the Circulation Dept. of the GENERAL ELECTRIC REVIEW) 


General Physics. 
Macmillan Co. 


Ed. 4. Henry Crew. 674 pp., 1927, N. Y., 


Lubrication and Lubricants. Ed. 5. Leonard Archbutt and 
R. Mountford Deeley. 650 pp., 1927, Phila., J. B. Lip- 
pincott Co. 


Modern Electrical Illumination. Cyril Sylvester and Thomas 
E. Ritchie. 416 pp., 1927, N.Y., Longmans, Green & Co. 
(On the practical features of the various forms of in- 
terior and outdoor electric lighting—commercial, 
industrial, and domestic. The volume starts with a 


consideration of the eye, vision, color, light control, 
shadows, etc. With that as an introduction, we are 
led to successive accounts of the principles of fac- 
tory and store lighting, street lighting, headlighting, 
flood lighting, and the lighting of residences, public 
buildings and outdoor areas. Then follow chapters on 
the manufacture of vacuum-type and gas-filled lamps, 
stage lighting, and sign and train lighting. As is to 
be expected there is a large number of illustrations 
of lighting equipment and lighting installations, and 
numerous tables of illumination data. A glossary of 
illumination terms and an index complete the volume.) 
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% HE NEW HOME of the Exchange 
ae National Bank of Tampa, Florida, 
a is a building of blue Indiana Limestone 
f with interior in Botticino and Tennessee 
i Marble, splendidly designed for the needs 
Z of a commercial bank in a rapidly grow- 


ing city. 


STONE & WEBSTER 


INCORPORATED 
BUILDERS 


BOSTON, 49 Federal Street PITTSBURGH, Union Trust Bidg. 
NEW YORK, 120 Broadway SAN FRANCISCO, Holbrook Bldg. 
CHICAGO, First National Bank Bldg. PHILADELPHIA, Real Estate Trust Bldg. 


Say you saw it advertised in the GENERAL ELECTRIC REVIEW 
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Many public utility power stations, constructed by The 
Foundation Company, are now contributing to 
the welfare of the communities they serve. 
Power Plant construction, both Steam 
and Hydro-Electric, is a spe- 
cialty of this organization 


HEMMINGS FALLS PLANT HEMMINGS FALLS, CANADA 
SOUTHERN CANADA POWER COMPANY 
THE FOUNDATION COMPANY, GENERAL CONTRACTOR 


BUILDERS OF SUFERSIRUGTFURES 
AS WELL AS SUBSTI RUCTURES 


THE FOUNDATION COMPANY 


Office Buildings ATLANTA MONTREAL LONDON, ENGLAND Hydro-Electrie Developments 
egies Plants PITTSBURGH MEXICO CITY PARIS, FRANCE oe 
witha ds and Tomiki CHICAGO CARTAGENA, COLOMBIA BRUSSELS, BELGIUM River and Hupbor Developments 
Foundations and Underpinning SAN FRANCISCO LIMA, PERU TOKYO, JAPAN Bridges and Bridge Piers 


Filtration and Sewage Plants Mine Shafts and Tunnels 


120 LIBERTY STREET 
NEW YORK 


Say you saw it advertised in the GENERAL ELECTRIC REVIEW 


December, 1927 


GENERAL ELECTRIC REVIEW 


efining and its relation to 


effective TURBINE lubrication 


The two essential problems involved in the lubrication of the 


steam turbine are: 


1. Cessation or impairment of lubrication. 
2. Variations in rate of heat attractions. 


The reason for this is that the oil ways 
and oil piping will tend to become clogged 
or obstructed by sludge or emulsified 
matter. 

Now a turbine oil, in order to overcome 
these conditions as effectively as possible, 
must be able to prevent:— 


(a) The oxidizing and acid-forming effects of 
heat and air. 


(b) Emulsification with water. 


(c) Development of sludges from such emul- 
sification due to the presence of dust and 
dirt, and 


(d) The catalyzing effects which metallic 
particles (especially copper and brass) in- 
volve in the formation of sludges. 


The February 1925 issue of our magazine 
**Lubrication'' contains a comprehensive treat- 
ment of the subject of Steam Turbine lubrica- 
tion. Included is a list of Steam stations (by 
name of maker) w.th complete TEXACO 
recommendations for correct lubrication. 


Write to the address below for a free copy 
(specifying the name)—and ask to be put on 
the free list to receive “Lubrication” monthly. 


The effects of these detriments will be 
most satisfactorily retarded by the use of 
the lubricant which is most highly refined. 


Such lubricants are: 


TEXACO 


REGAL OILS 


—the most highly refined turbine oils on 
the market today. 


They are thoroughly refined, step by 
step, to remove every possible trace of 
emulsion-forming impurities, and will do 
their work admirably under the most un- 
usual conditions. 


TEXACO REGAL OILS for turbine 
lubrication are obtainable in four distinct 
ranges of Saybolt viscosity at 100° Fahr. 
as follows: 


TEXACO REGAL OIL “A” - 145 Seconds 
TEXACO REGAL OIL “B” - 180 Seconds 
TEXACO REGAL OIL “C” - 300 Seconds 
TEXACO REGAL OIL “E” - 500 Seconds 


We shall be glad to demonstrate the 
splendid lubricating and wear-reducing 
qualities of TEXACO REGAL OILS 
on any of your Turbine equipment, any 
time —and will cooperate with you in 
determining the most economical amount 
of oil to apply to obtain the greatest 
efficiency. 


THE TEXAS COMPANY 


DEPT. GD 


SE 


Texaco Petroleum Products 
17 BATTERY PLACE, NEW YORK CITY 


OFFICES IN PRINCIPAL CITIES 
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When welds 
last 


in service 


must 


You know Page Welding Wire and Elec- 
trodes will give you welds that last in 
service — for every run of Page Welding 
Wire is shop tested. 


Another thing — every piece of Page 
Welding Wire and Electrodes is plainly 
marked with the name and grade, and 
each bundle carries a distinctive tag. 
You are sure of using the right welding 
material for the job. 


PAGE STEEL AND WIRE COMPANY 
BRIDGEPORT, CONNECTICUT 


An Associate Company of the American Chain Company, Incorporated 
District Offices: Chicago New York 


There is an abundant stock of Page weld- 
ing material near you. The Page dis- 
tributor will be glad to take care of your 
immediate requirements or help you in 
selecting the material that will give you 
best results. 


Your name and address will bring you 
samples. You can prove for yourself the 
effectiveness of Page Welding rods right 


in your own shop. 
San Francisco 


Pittsburgh 


"PROCESSED. 
Welding Wire and Electrodes 
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Anaconda Bus Tubes installed in 
the Williams Street Sub-Station 
A the Connecticut Power Com 


—_—7e 2 
pany. New London, Connecticut 
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Efficient for High Currents 


yea high currents flow away from 
the center of the conductor, tubular busses 
usually provide better efficiency than solid bars. 
When the current at 60 cycles exceeds 2000 
amperes,the advantageof Anaconda Bus Tubes 
over flat bus bars is particularly noticeable. This 
advantage becomes more prominent as the cur- 
rent and also the frequency increases. 


Anaconda Bus Tubes can be supplied with a 
minimum conductivity of 98% when hard 
drawn and 99% when soft. Such high conduc- 
tivity tubes finished soft or with a light draft, 


may be flattened without cracking so that 
connections can be made on the job without 
the use of terminal lugs. 


Anaconda Deoxidized Copper Tubes are 
tougher than high conductivity tubes but are 
higher in resistance. These tubes will flatten 
without cracking even when drawn fairly 
hard. They are especially useful for bend- 
ing and flattening in making economical ter- 
minal connectioms and are dearable lor 
long-span comtruction when hard-drawn be- 
cause of their superior rigidity. 


THE AMERICAN BRASS COMPANY 


ENERAL OFFICES WATERS EY, CAINII TITKAI 
Oies wad Agren m Y roscar Catay 


Caustam AU ASA SIDA AMERI AIS 


BRASS 


AMALONDA 


"ns T » ak dl 


ERAS LIMITED) New Tons, Denis 


ANACONDA COPPER 


22 BRONZE 
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y / ne The Fawcus Machine Company equips it 
, \ | heavy reduction gear with “HOFFMANNS”, 
| | in order to carry out, in the bearings, the idea 


of rugged over-strength and reliability which 
distinguishes these heavy-duty units, 


-=A | NGINEERS and designers whose 
one measure of the value of 

a machine or a machine part 
is its ability to stand up under the 
duty upon it, find in “HOFFMANN” 
Precision Roller Bearings the 
speedability, the loadability and the 
shockability which satisfy their 
most exacting requirements. 


Catalog 904 describes in detail the heavy-duty fea- 
tures of the “HOFFMANN”. Catalog 917 lists the 
standard sizes and types. 


Where the duty is not so heavy, 


he load dy, and th 
ipecdo lite gll tan wend anie NORMA- HOFFMANN BEARINGS CORPORATION 
ability will be found in STAMFORD, CONN. - . U.S.A. 


PRECISION 
BALL BEARINGS QG 


NB-856 
Made in the usual ball bearing sizes, 
in both open and closed types, they 


ability. Catalog 905 describes them. PRE CST ON 
$ ROLLER BEARINGS 
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orrect 


National Pyramid Brushes— 
for all operating conditions 


BY MEETING correctly the 
conditions in numerous 
individual installations, 
National Pyramid Brushes 


have saved thousands of 


dollars for industrial plants, 
central and substations, 
trolley and rail lines. 


When you have a trouble- 
some brush problem, we 
will gladly assist you in 
solving it. 

Our Sales Engineers are 
always at your service. 
Write, wire or telephone the 
nearest of the offices below. 


AXN 


NATIONAL CARBON COMPANY, 


INC. 


SILVER STRAND 


Cleveland 


TRA 
Reo 


CABLE 


San Francisco 


Unit of Union Carbide and Carbon Corporation 
Emergency Service Plants 


CHICAGO, ILL. PITTSBURGH, PA. 


NEW YORK, N. Y. BIRMINGHAM, ALA. 


Ask us about our 
data sheet service. 
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Your industry's 


“majority choice” 


in Lubrication 


The majority of operating officials of central 
stations the world over are taking no chances 
in selecting correct lubrication for their 
turbines. Oil performances are uppermost in 
their minds. The universal choice is Gargoyle 
D.T.E. Oils. 

Five factors unquestionably influence the 
decisions of officials in the choice of turbine 
oils. These factors are: 


1. Uniformity of the oil. 

2. Long service from the oil. 

3. Low cost per kwh. generated. 

4. Turbine builders’ approval. 

5. World-wide successful use of the oil. 


It is on these five points that Gargoyle D.T.E. 
Oils make their claim as correct turbine lubri- 
cation—for you. 


* YOU WANT + 


1. Uniformity of the oil 


Every barrel of these high-grade turbine lubri- 
cants in every warehouse throughout the 
world is of uniform quality. The oils insure 
high-speed operation, minimizing danger of 
contamination from water or other impurities. 
They actively resist all sludge-forming agents. 


2. Long service from the oil 


A few typical service records of Gargoyle 
D.T.E. Oil Light: 


One batch in 2000-kw. steam turbine 6 years without 
change. Annual make-up 1 barrel. 


One batch in 20,000-kw. steam turbine 2!4 years. 
Continuous service. Make-up 10 gals. per month. 


14,000 turbine operating hours on one charge, aver- 
age make-up 2 bbls. per year. 


10,000-kw. steam turbine, etc., etc. 


Vacuum Oil Company 


Headquarters: 61 BROADWAY, NEW YORK 


Branches and distributing warehouses throughout the country 


3. Low cost per kwh. generated 


Invariably, when Gargoyle D.T.E. Oils are 
installed in turbine circulating systems the 
cost of lubrication per kwh. generated is re- 
duced to the point where oil costs become a 
relatively insignificant item. 


4. Turbine builders’ approval 


15 out of 17 of the leading builders of steam 


' turbines in this country definitely recommend 


or approve the use of Gargoyle D.T.E. Oils 
in their units. 


5. World-wide use of the oil 


A big majority of the turbines installed in this 
country and in foreign countries are success- 
fully lubricated with Gargoyle Lubricating 
Oils. 


Our knowledge of your 
industry is of value to you 


HEN you talk over your lubrication 

problems with us you will talk with a 
company which has made a specialty of tur- 
bine lubrication. 

You will benefit by the advice of a technical 
staff that has made an exhaustive study of 
power station operating conditions. You will 
have at your service members of a staff of 
Engineers who have made the lubrication of 
power stations their life work. 

Come to lubrication headquarters. Our 
advice and recommendations place you under 
no obligation. 

NOTE: We will gladly send you without charge our 


authoritative treatise: ‘Steam Turbine Lubrication.” 
Write for your copy. 


Oils 


Lub ricating 


December, 1927 


e 


THE MAJORITY OF STEAM TURBINES IN THIS COUNTRY AND ABROAD ARE LUBRICATED WITH GARGOYLE D.T.E OILS 
ont 


A grade for each type of service 
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RZ back d os 
Po — oacRgroun ss 
L Nineteen years experience in design, manufacture ¿A S 
E and installation of air preheaters is behind every AY y 
eS C-E Air Preheater. o) eN 
a This experience is reflected in simplicity of design JS ; 
ae and efficient, dependable operation. e 
LY j The counter-flow principle of gas and air insures AY 
> ee maximum heat transfer. There are no moving a 
y o parts to wear or get out of adjustment. SS o 
fas There is no leakage between gas and air passages. Pii 
> ay 7 x 
| a Low installation cost” Low operating cost 
yO | 
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COMBUSTION ENGINEERING 
CORPORATION qm 


P ` 
© 


International Combustion Building 
200 Madison Avenue, 35th to 36th Street, New York | 


A SUBSIDIARY OF INTERNATIONAL COMBUSTION ENGINEERING CORPORATION w 
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Bausch ES Lomb 
Toolmakers’ Microscope 


PTICAL methods of inspecting and 


Illustration shows Toolmakers’ measuring tools, dies, Jigs, templets 
Microscope complete, with illu- and finished parts are the most precise 
minator, inclined eyepiece and known. The great enlargement of the 
equipment for precise thread contours and surfaces makes the slightest 
dió inaccuracies readily visible and enables 


the operator to determine not only the 
limits of accuracy in the part but the 
exact amount of error. 


Optical inspection depends largely upon 
the accuracy of the instrument. Bausch 
& Lomb, by reason of their many 
‘years’ experience as precision instrument 
makers, are eminently fitted to produce 
optical inspection instruments of the 
highest class. The Toolmakers’ Micro- 
scope is the result of several years’ 
research and experiment as well as prac- 
tical use in the shop. 


Complete instructions and description 
are given in the booklet. 


Free on request 


BAUSCH € LOMB OPTICAL COMPANY 


693 St. Paul Street, Rochester, New York 
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Heavy shock loads—hard service 
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Fafnir ball bearing motor driving tumbling barrel, Hubbard Steel 
Foundry Co., East Chicago, Ind. 


T WOULD be difficult to 

find a more severe serv- 
ice for motor bearings than 
that shown above. 


The installation is in a steel 
foundry. The motor, 
equipped with Fafnir ball 
bearings, drives a tumbling 
barrel through gears—gears 
which are forever pounding 
because of the dirt and grit 
that creeps in from the air 
and causes the teeth to 
wear and get out of align- 
ment. Besides this there is 
the shock load, caused by 


the falling of the charge in 
the barrel. 


Yet Fafnir ball bearings 
have proved more depend- 
able and more economical 
in this service than any 
other bearings previously 
tried. So much so, in fact, 
that many of the other 
motors in the plant have 
been changed over to 
Fafnirs. 


THE FAFNIR BEARING CO. 


Makers of high grade ball bearings — the 
most complete line of types and 
sizes in America. 


NEW BRITAIN, CONN. 
Newark Chicago Cleveland Detroit 


IRAIFINIIR 


BALL BEARINGS 


Molybdenum 


Vitel, throughout 
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Excessive pitting of the commutator and sparking at 
the brushes is oftimes the outward sign of carbon brush 
trouble—the carbon is too hard, too soft, streaked with 
hard and soft spots causing uneven wear or has the 
wrong electrical characteristics. 


It is these irregularities in inferior carbon brushes 
that shackle the efficiency of your motors. 


STACKPOLE CARBON 


ST. MARYS 


Stackpole carbonbrushes 


AAA, ees we ee 
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Remove the Shackles 
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Stackpole Brushes are the solution. The carbon and 
graphite going into every type of Stackpole Brush is 
scientifically compounded to meet a definite type of 
machine. This assures a smooth, velvet-like contact— 
a brush that wears slowly and evenly—a carbon brush 
that gives 100% efficiency at every turn of the com- 
mutator—a brush that you can depend on right down to 
the holder. 


COMPANY 
PENNA. 
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Talk—high powered salesmanship— 
advertising are all worthless unless the 
product will live up to the claims made 
for it. 


We are always pleased to send you test 
results because we want you to know 
what we already know—that Locke 
Insulators will prove their worth by any 

and every test. On your lines—where 
TOE ee i eta ay service really counts—they will aid the 
nsulators and Locke Grad- 


ing Shields are rendering perfect operation you want. 
operating companies is 
splendid corroboration of 
laboratory and field tests. 


You can specify LOCKE 


for every insulator require- 


Whether in the laboratory or on the 
line, Locke Insulators and Locke Grad- 
ing Shields fully justify every claim 


ment with the assurance of made for them. 

complete satisfaction. 
LOCKE INSULATOR CORPORATION 
BALTIMORE MARYLAND 


LOCKE QUALITY LOCKE SERVICE 
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For cooler turbine bearings — 


The G-R Multiwhirl Cooler 


efficient — compact — durable 


Thousands in use 


The Griscom-Russell Company 
285 Madison Avenue, New York 


BRANCHES IN PRINCIPAL CITIES 


= 
A 
BUILDERS OF 
Accompanying view 


shows solid cored run- 
ner on special car. 


Three units like this 
under construction for 
Bellows Falls Plant of 
New England Power 
Co., and Four units 
for Lock 18, Alabama 


Power Co. 
SMSX100 > W H 
If interested, write our ; : ee vA 
eb Vurma- co ned 


Dept. “G” for Bulletin 
of Designs and Data. 
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Here comes the 
Gas-Electric Bus 


HAT’S what the people are saying in scores of 

communities in various parts of the country. 
That's what the leaders of industry are saying also. 
For the gas-electric bus has proved its worth. It 
attracts patronage and has come to stay. 


If you've been in Kansas City, Albany, Philadel- 
phia, or Newark, you may have ridden in one. 
There is no gear shifting; and the fast, even accel- 
eration means a safer, quicker, and more comfort- 
able ride. 


It isn't a cure-all for traffic problems. In some cities 
modern light trolley cars may be better adapted to 
the task of moving people. But the gas-electric bus 
is another string to the transportation bow— 
another modern way of solving traffic problems. 


Through its experience in building 
railway motors for over a quarter 
century, General Electric was able 
to assist in the development of the 
gas-electric bus. General Electric 
engineers coúperate with transpor- 
tation companies to develop all 
kinds of electric equipment for 
their traffic needs. 
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Induction Type 


Type IK relays provide power-directional protection for polyphase alternating- 
current systems. They combine the following features: 


Operate on net power reversal of three phases down to 1 per cent of 
normal line voltage 

Permanent operating characteristics—Low volt-ampere burden—High 
torque—Accuracy 


Single- or double-throw contacts, a-c. or d-c. 


The IK relays are only part of the contribution which G-E relay specialists 
have made to the protection of equipment and the control of distribution 
systems. These specialists are available to protection engineers for the solution 
of relay problems. 


G-E SWITCHBOARD EQUIPMENT 


Air Circuit Breakers 
Stationary Switchboards 
Outdoor Station Equipment 
Switchboard Accessories and 


Relays 

Oil Circuit Breakers 

Truck-type Switchboards 
Automatic Switching Equipment 


Devices Switches 
501-12 
GENERAL |] ELECTRIC COMPANY, » SCHENECTADY, Y ss SALES OFFICES IN PRINCIPAL CITIES 
een en ee SELRESEEE SOMEABNTS? EO RENE es Ni -Teu SALES OSPICES. EN EBIPLSIFAL. GIALER 
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1. Safety. Panels are dead-front. Current-carrying parts are 
inaccessible when alive. When the truck is removed all 


truck-mounted parts are electrically dead and shutters pre- 
vent accidental contact with the main disconnects and buses. 


2. Economical Installation. Units can be installed quickly, it 
being necessary only to bolt the housings in place, install the 
buses, and connect the cables. Experienced labor is not 
required. 


3, Simplified Maintenance. Trucks can be withdrawn, and 
inspection and test made in a place where there is no hazard 
of adjacent live equipment, and where facilities for such 
work are centralized. 


4, Increased Power Service. Power interruptions for adjust- 
ment and care are minimized. A truck can be withdrawn 
and a spare unit inserted in a very short time. 
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Truck-type switchboard, Phoenix Utility CTA TIA PP.” 
, Company, Sanford, Florida ai SS 


Truck-type switchboard, Far Rockaway Station, 
Queensboro Gas and Electric Company, Lyn- 
brook, L. 1. 
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Truck-type Switchboards— 
part of the complete line of 
General Electric equipment 
to control and protect power 


generating and distributing 
apparatus 
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GENERAL - ELECTRIC COMPANY, SCHENECTADY, N. > 
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GE Truck Panels 
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Truck-type switchboard, Ohio River Edison 
Company, Toronto, Ohio 
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Truck-type switchboard, American Steel 
and Wire Company, Worcester, Mass. 


Truck-type switchboard, Warner Sugar 
Refining Company, Edgewater, N. J 
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Truck-type switchboard, Havana Electric 
Railway, Light, and Power Company, 
Havana, Cuba 


Truck-type switchboard, power house of — qa 
Viscose Company, Roanoke. Va 


461-13 


PRINCIPAL CITIES 
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Essential to the highest standard 


This G-E induction regulator instal- 
lation of the Manchester Traction 
Light & Power Company at Nashua, 
N. H., is typical of the many in all 
parts of the country. Refer your 
regulation problems to the nearest 
G-E Office. 


GENERA 


_ GENERAL ELECTRIC COMPANY, SCHENECTADY, 
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West of the Rockies— 


Throughout the Middle West — 
From the Lakes to the Gulf— 
In all New England — 


o RN Everywhere, the country over, leading central stations 
Ber E S are taking advantage of voltage regulation to effect 
economies in distribution costs, to insure maximum 

revenue, and to improve service to customers. They 

ae baie A ot N have also learned for themselves the unequalled 
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TRESS aaa SCRE AEN advantages afforded by the G-E induction regulator. 
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When then Cy 
Fuse the lines for service 


Among the important factors that determine the 
quality of electric service is the use of reliable 
primary cutouts properly fused. 


Adequate fusing is one of the assured advantages 
when selection is made from the comprehensive G-E 
line of transformer and accessory products.. 


General Electric cutouts are available in expulsion, 
oil-fuse, and explosion-chamber types. They are of 
known capacity, because their operation has been 


dera raid fully verified. Interrupting-capacity tests, made by 


builder of equipment for’ trans: means of an 86,000-kv-a. testing station, have 


mission and distribution is unique. established the designs. Only tested parts 
' Not only can G-E Transformer tab en y p are used 


Products be supplied for every in manufacture, and each completed cutout receives 


peor a but rN an individual, final test—all to the end that G-E 
oblea encon develop cutouts shall conform to the high standards of 


the equipment required to deliver General Electric transformer and accessory 
reliable power in suitable form. 
products. 


ranstormer Products 
— the Standards of Quality 


GENERAL ELECTRIC 


GENERAL ELECTRIC COMPANY, SCHENECTADY, N. Y, SALES OFFICES IN PRINCIPAL CITIES 
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RECTLY CLOSED MOUNTINGS LS 
TIMKEN TAPERED ROLLER > , ° oe 
LO BRARINGS SCIENTIFICALLY. Your electric motors may drive direct, or through belts, San E à 
O PROVIDE. HIGHEST CAPACITY chain, helical or spur gears, or rope. You may have floor, TR] A 
pa FORALL LOAD FROM ALL: 1] i ca Th b THR yi om Wie 
Er- 2 + DIRECTIONS. THIS 15 MADE Wall, Or Ceiling positions. ere may be any combination t A on | 
O ON SE COREA of thrust and radial load. Butso far as the bearings arecon- MM = A 
A cerned any "Timken-equipped motor is ready to meet all A 


TAPERED CONSTRUCTION. ~ 
~ TIMKEN POSITIVELY ALIGNED - 
ROLLS AND TIMKEN ELEC- 
TRIC STEEL, 


of these conditions without alteration or compromise. 


Tell the motor manufacturer the general nature of the 
service—determine the power required—and specify 
Timken Tapered Roller Bearings. That is all you have 
to do in buying motors. 


What is more, you have made lubrication and inspection 
negligible items, by getting rid of all possible friction. You 
have eliminated fire risk and dripping. You have banished 
all the wear that causes high upkeep, burn-outs, shut- 
downs, and worry. And you have installed motors that 
maintain the original gap, permanently. 


For you have bought the greater bearing area, the full 
thrust capacity, and the extreme rigidity which only 
Timken Tapered Roller Bearings assure. Specify them 
in every order for motors. 


— 


THE TIMKEN ROLLER BEARING CO., CANTON, OHIO 


DOUBLE ROW 
SELF- CONTAINED 
TIMKEN BEARING 


SINGLE ROW 
TIMKEN BEARING 
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OUR 1928 PROGRAM 


Generators 
25 to 25,000 Amperes 


Direct Connected to 


ES Motors 


will be 
CARRIED IN STOCK 


to assure Our customers prompt service 


Ready for IMMEDIATE SHIPMENT from St. Louis 


Automatic Starters also"Stocked 


Canadian Customers: 
We can ship sets without motors. 
CANADIAN GENERAL ELECTRIC 


motors will fit. 


SEND FOR STOCK LIST 


A caasas 
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CHANDEYSSON ELECTRIC CO., St. Louis, U.S.A” 
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Generators 
25 to 25,000 Amperes 


Direct Connected to 


ES Motors 


ASSEMBLING taa 


10,000-AMPERE 12-VOLT GENERATOR 


(Shaft and base extension for installation of Synchronous motor) 


Chandeysson Electric Co., St. Louis, U.S.A. 
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Che Maqua Company 


Printers, Engravers and Binders 
| to the 


Electrical Industry 
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Ofhces and Plant, Schenectady, New York 
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Worthington at work 


From the equator to inside the polar circles, you 
will find Worthington products giving splendid 
service. 


In European industrial centers, Worthington Pumps, 
Compressors, Condensers, Diesel Oil Engines, etc., 
are almost as well known as at home. 


On ships ploughing the seven seas, Worthington 
Pumps have served so well that they have become 
standard. And now Worthington Diesel Engines 
are setting a new standard for marine motive power. 


On locomotives all over the world you will find 
Worthington Locomotive Feedwater Heaters saving 
fuel and water. 


dle i at work is an important factor in the 
industrial and civic life of practically every nation 


of the world. 


WORTHINGTON PUMP AND MACHINERY CORPORATION 
_ 115 BROADWAY, NEW YORK CITY BRANCH OFFICES IN 24 CITIES 


Pumps.. Compressors .. Condensers and Auxiliaries.. Oil and Gas Engines 
Feedwater Heaters .. Water and Oil Meters 


WORTHINGTON 


SS 


75354 
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Announcing 


the 15th Annual Review 
of 
DEVELOPMENTS IN THE ELECTRICAL INDUSTRY 
By JOHN LISTON 


and 


the 4th Annual Review 
Of 
PROGRESS IN RADIO RECEIVING 
By ALFRED N. GOLDSMITH 


These reviews of the year 1927 will appear in 
the next issue of this magazine. 

Electrical engineers, whatever their specific 
field of activity, will find sections of Mr. Liston's 
article devoted to subjects which have a direct 
bearing upon their daily work. 

Dr. Goldsmith's article will outline the Federal 
control of radio broadcasting and the trend of 
public demand, and describe new developments 
in the design of receivers. 

Renewals of subscriptions which expire with 
the current issue and orders for extra copies of 
the January issue should be placed at once. 


GENERAL ELECTRIC 


REVIEW 


SCHENECTADY, N. Y. 
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Motors 


Same Ratings and Dimensions for 


both A.C. and D.C. Motors. 


To avoid any modification of the 
drive on machine-tools and other 
machines intended for different 
electric supply systems, this Com- 


pany has developed a new range 
of interchangeable A.C. and 
D.C. motors and can offer ma- 
chines of the same ratings which 
are identical in all essential 
dimensions. 


Slip-ring, Squirrel-cage and Direct-current Motors 


The British Thomson-Houston Co., Ltd. 
Feic Engineers and Manufacturers 
Owners for Great Britain and Ireland of all patent rights of the G.E. Co., U.S.A. 
Head Office: Rugby, England s: T London Office: Gaia House, Aldwych 
Works: Rugby, Birmingham, Willesden, Coventry and Chesterfield 


WWE extend the facilities of our 
organization to those desiring 
information or reports on com: 
panies with which we are 


identified. 


Electric Bond and Share Company 


(Incorporated in 1905) 


Paid-up Capital and Surplus, $100,000,000 


Two Rector Street . . . . New York 


_—<—<— 
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C.H. WHEELER Y + + 


SURFACE CONDENSERS 
JET CONDENSERS 
BAROMETRIC CONDENSERS 


OIL VAPOR CONDENSERS FOR 
HIGH VACUUM DISTILLATION 


LEACH FRACTO CONDENSERS AND 
HEAT EXCHANGERS 


RADOJET AIR PUMPS FOR VACUA 
UP TO 29.95 INCHES 


SAND SEPARATORS 


FORCED AND NATURAL DRAFT 
COOLING TOWERS 


We solicit your inquiries. 


December, 1927 


A C. H. Wheeler 
Dual Bank Surface 


Condenser. 


C. H. Wheeler Mfg. Co. 
19th Street, Lehigh and Sedgley Aves. 
Philadelphia 


» PHILADELPHIA 
AUDEIS HANDY BOOK 


INFORMATION ai 


in HANDY FORM \ 
under these headings: <A 


X-Rays 
Brazing 
Heating 
RADIO 
Telegraph 
Electric Bells 

Cranes 

Elevators 

Pumps 

Electric Ship Drive 
Electric Railways 

Electric Vehicles 
Automobile Systems 
Ignition 

Generation & Transmission 
Electric Tools 


Here is an up-to-date, quick Ready Reference. 
It gives complete instruction and inside informa- 
tion. Every point clearly explained in plain 
language and diagrams that are easily understood. 


Handy to use. Easy to learn from. Subjects 
arranged in progressive manner for the student and with com- 
plete index which gives information instantly to professional 
workers. A time saver, money saver, and a helping hand for 
Engineers, Professional Electricians, Students and all interested 
= in electrical work. 


ELECTRICIANS’ EDUCATOR—HANDY GUIDE 


Welding 
Soldering | 
Motion Pictures 
Telephone 


LEATHER 
BOUND 


A. C. Motors 
Alternators 
D. C. Motors 


Dynamos 

WIRING 

Wiring Diagrams 

Electric Lighting 

Cable Splicing 

Power Wiring 

Tests 

A. C. Apparatus 
(Switch Devices) 


(Current Limiting) 
Rectifiers 
Converters 
Transformers 


D. C. Apparatus 
(Switches) 
(Fuses) 
(Circuit Breakers) 
(Rheostats) 


(Watt Hour Rules) | 
Electro Plating | 
Electrolysis 


fied. 


FREE TRIAL —Pay $1 a month if satisfied 


The best way the practical value of this book can be 
made clear to you, is for you to actually take it in your 
hands, study it over and decide for yourself whether it is worth the money. 

Do this now! Send this coupon! No obligation to buy unless satis- 
Send it back at once, without paying a penny if it doesn’t seem 


valuable wiring diagrams and calculations, 
machine sketches; instructions and helps on 
operation, maintenance and repair; outlines 
showing the entire theory and all modern, 
practical applications of electricity; and a 
big lot of good and useful RADIO informa- 
tion and diagrams. The use of Audels Handy 
Book of Practical Electricity will make you 
familiar with many time-saving, short cut, 
profitable suggestions. 


T. yei? 
ek S 
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EXAMINATION ination. 


| Plant Management POCKET ude 
Power Station Plants | i 
Power mass Te Ock Audels Handy Book contains impo t and s e volume contains the p cal, up- 


to-date electrical information that the profes- 
sional electrical worker needs. “Audels Handy 
Book” is a flexible, leather bound volume 
that can be carried to work and kept handy 
for quick reference on any job. It is a hand- 
somely bound book that will look well on 
your library table, furnishing the means of a 
thorough electrical education by spare time 
reading and study. 


a THEO.AUDEL & CO.65 W. 23rd St., NewYork 
FREE 


Please send me Audels Handy Book 
of Practical Electricity for exam- 
If satisfactory, 1 will send 


l in 7 days, then $1 monthly until 
COUPON Pewee beds 
paid. 


m 

Storage Batteries e 
oe worth many times its price. IN E PESA 

Insulators Send us $1 if satisfied, then $1 a month until $4 is paid. a 
Drs de tic T H E O A U D E L & CO > Address. o noo pS 

ynamic Electrici ° 
Magnetic Electricity a . e Occupation a ese 

Ready Rance Educational Publishers since 1879 ~ 
see ae eee 65 W. 23rd Street New York, N. Y. e Employed by... ----eneeeeneenseeneennes GE 
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Temperature 


Tycos 
Instruments 


Lara Instruments 


RECORDING | : 
CONTROLLING | are designed and built to give 


E E steady, dependable service, not 
for every purpose — to meet price requirements. 
They are not cheap, but the 
Taylor Instrument Companies : 3 

Rochester, N.Y. U.S.A. faithful year after year service 
Canadian Plane A they render proves that they 

cos Building, Toronto,Canada 2 e 
mars are the most economical temper- 
ature and pressure instruments 


to install. 


Taylor Instrument Companies 
ROCHESTER, N. Y., U.S.A. 


CANADIAN PLANT. TYCOS BLDG.. TORONTO 


MANUFACTURING DISTRIBUTORS IN GREAT BRITAIN 
SHORT 4 MASON, LTD.. LONDON 


THERE 1S A TYCOS OR TAYLOR TEMPERATURE 
INSTRUMENT FOR EVERY PURPOSE 


Sumps, manholes, cable pits, tunnels, etc., 
can be kept free of storm water, drips, 
etc., by installing 


Á AUTOMATIC": EDUCTORS 


These jet pumps operate with pressure 


water and have ball float control. They 


are made in ọ standard sizes, capacities 


200 to 20,000 g.p.h. 


Send for Bulletin 2-M 


This is a 4” Automatic Eductor 


Readers of General Electric REVIEW are invited to visit our booth at the New York Power Show, Dec. 5-10. 


SCHUTTE €: KOERTING CO., 1196 Thompson St., PHILADELPHIA, PA. 
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of coal out of 
Minutes That Mean Profits! 
HEN your machinery is speeded to meet pro- 


l duction demands, every minute means dollars. MT ib Ü 
Every “shut-down” for lubrication or repairs means K 
loss of profits. A 


The Keystone System of Grease Lubrication elimi- S OOT B 
nates all the possible “slip-ups” of oil can or indi- LOWERS 
vidual part lubrication methods. Every working | DIAMOND POWER SPECIALTY CORPORATION 


part, each bearing is scientifically lubricated at the DETROIT, MICHIGAN, U.S.A. 
proper time and place. 


For more than 43 years, we have helped manufac- 
turers, everywhere, get maximum efficiency from 
their equipment by proper lubrication. 


Send for your FREE copy of our 48-page illustrated 
booklet, Questions Answered and Typical Installa- 
tions Illustrated —Second Edition! It will tell you 
how to lower repair costs and increase the efficiency 
of your plant. 


Our engineers will gladly show you, without any 


obligation on your part, how Keystone methods ‘ 
will save you money. Made ID Sheets. Rods. lubes 
and Special Shapes 


Branches: From thered, grey or black, sheets, 


New York Ci : 
rr ed rods and tubes, all special forms 
Chicago 
Philadelphia can be sawed, stamped, turned, 
Los Angeles drilled, threaded and finished in 
e . 
Cleveland many attractive ways. 


GREASE Cincinnati 
All Spaulding branches are 
equipped to make special shapes. 


KEYSTONE LUBRICATING CO. SPAULDING FIBRE COMPANY, INC. 


320 Wheeler St. Tonawanda, N. Y. 
Established 1884. 21st and Clearfield Streets 


PHILADELPHIA, PA. Soult on FIBRE 


Da 
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FIRMS THAT WORK-LIGHT 
WORKS FOR—No. 15 


Biddle & Smart 


Amesbury, Mass. 


Look closely at this picture from Biddle & Smart, 
Amesbury, Mass. There's no glare. No heavy shad- 
ows. More than enough seeing power wherever there is 
work to be done. Diffusion so perfect that even enclosed 
spaces like automobile bodies need no auxiliary lighting. 


Biddle & Smart workmen who put the trim 
along the inside tops of closed car bodies work as 
easily and swiftly as the men who do the build- 
ing, painting, rubbing and finishing. Cooper 
Hewitt illumination is everywhere. They have 
both hands free to work—no drop-lights, no 
cramped positions, not even any squinting. 

You can easily see now why a large percentage 
of American automobile body production is 
turned out under Work-Light. And a trial in 
your plant—which can be arranged without 
obligation—will be even more convincing. 


Studies of industrial lighting requirements 
along both general and specialized lines 
have been prepared by Cooper Hewitt en- 
gineers. What topic interests you? Write 
for complete information. Cooper Hewitt 
Electric Company, 129 River Street, 
Hoboken, N. J. 


COOPER HEWITT 


BETTER THAN y DAYLIGHT 


249 EC. H. E. Co., 1927 
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ES 


I-N 
BOARD 
West Virginia 


Fibre Board 


For Electrical Insulation 


Tested and approved by the 
Underwriters’ Laboratories. 


High tensile and dielectric 
strength. Used successfully 
by many of the large electrical 
manufacturers. 


A decided factor for economy. 


Pulp Products Department 


West Virginia 
Pulp & Paper Company 


200 Fifth Avenue, New York, N. Y. 


505 Dime Bank Bldg. 732 Sherman Street 
Detroit, Mich. Chicago, Ill. 


503 Market Street, San Francisco, Cal. 
DODEUROODECOPODROOLOGORDUDSSOOGEDOROSOOGOOOOADLPODAOOAOUOOOOODOOSOONNODOGSSGOUSSSOGEOSANDUGZDORODONDONSOLDORSOCRB RAS DINI 


14 years 
and still going crab 


In 1913 TURBOIL was put in a fifteen-thousand 
gallon system. 

With periodical “feed-up” and no dikan discard 
this system oil is still in use today. 

To you, this may seem surprising. In point of fact 
it parallels many other examples of its 


ENDURANCE < 


TURBOIL does not wear 


out. It is always the choice y » Lay NADE 
of those who record unit- is Ke y Le 
costs of their Turbo-machine 4 joa @ NU! 
tubrication. Cant 15? 
Reduce your operating ex- I aa i ENDURANCE 4 > 
pense through the sustained Y AA t I E i 
life of this premier lubricant. $^ s$ i Ea 
1.s get 
s EF 
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The MORSE Rocker Joint 


— less wear — longer life 
—higher efficiency 


The joint is the vital part of any silent chain 
and on its operation depend the efficiency and 
durability of the chain. Minimum joint wear, 
therefore, means long chain life. 


The efficient rocker or rolling action of the 
Morse Rocker Joint eliminates the rubbing or 
sliding friction commonly found in all round 
pin chains. Referring to the illustration 
above, link No. 1 is pulling on its flat faced 
seat pin, Si, against rocker pin R: in link 
No. 2. 


Note how the original Morse Rocker Joint 
Chain carries the load between sprockets on a 
broad, flat bearing surface between pins, there- 
by reducing wear and preventing slippage. It 
rocks on a line contact only when the chain 
is entering and leaving the sprocket. 


As the sprocket rotates, link No. 2 rolls around 
and reaches position of link No. 3. Note that 
the rocker pin has now rolled on the flat 
seat pin. 


This Rocker Joint action combines with good 
material and expert workmanship, to make the 
Morse Silent Chain, noted for its 98.6% sus- 
tained efficiency and long life. 


Let a Morse Transmission Engineer show you 
how Morse Drives are serving practically every 
power transmission need. 


MORSE CHAIN CO., ITHACA, N. Y., U.S.A. 


OMAHA, NEB. 


ATLANTA, GA. 
PHILADELPHIA, PA. 


BALTIMORE, MD. 


CLEVELAND, OHIO 
DENVER, COLO. 


BIRMINGHAM, ALA. DETROIT, MICH. PITTSBURGH, PA. 
BOSTON, MASS. LOUISVILLE, KY. SAN FRANCISCO, CAL. 
BUFFALO, N. Y. MINNEAPOLIS, MINN. ST. LOUIS, MO. 


TORONTO, 2,ONT.,CAN. 
WINNIPEG, MAN.,CAN. 


6D 2161R 
MORSE;; ¿DRIVES 
FRA VAR 


CHARLOTTE, N. C. 
CHICAGO, ILL. 


NEW ORLEANS, LA. 
NEW YORK, N. Y, 
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SHEETS +» RODS + TUBES + SHAPES 


cA Better Material for a 
Thousand and One Purposes 


In the Electrical Industry 


SE producers of electrical goods 
are using Diamond Fibre for three specific 
reasons. First, because it is fundamentally a 
better material. Second, because they can be 
sure of prompt deliveries of any quantity at 
any time. Third, because the uniform high 
quality of Diamond Fibre ensures the main- 
tenance of uniform quality in their products. 


DIAMOND STATE FIBRE CO. 
Bridgeport, Pennsylvania 


Shops and Warehouses Conveniently Located Throughout 
the Country. Also in Toronto, Canada and 
London, England 


CRAPO 


Double Galvanized 


Telephone and Telegraph Wire 


(EBB--BB--STEEL) 
Double Galvanized 
Steel Strand 
Standard or 
Commercial 
Siemens- Martin 
High Strength 
Extra High Strength 


Longer Life, Lower Maintenance 
Cost Insured thtough Crapo Gal- 
vanizing. 


Representative supply Jobbers 
are prepared to serve your instant 
wants. 


Galvanized by 
Crapo Process 


— hee ære 


Indiana Steel & Wire Co., Muncie, Indiana 
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TYPE 384 
RADIO FREQUENCY OSCILLATOR 


with a range of 


contained, 


The Type 384 oscillator is self- 


15 to 30,000 meters. 


This oscillator is adapted to high frequency measurements 


as well as to receiver 


Provision is made for mod- 


of capacitance, inductance, and resistance, 
and amplifier gain measurements. 


ulation where required. 


Licensed under Patent No. 1113149 by the Radio Corpora- 


tion of America for experimental laboratory use only where no 


commercial features are involved. 


Price $80.00 without extension coils. 


Bulletin 6150G will be sent on request. 


Manufactured by 


GENERAL RADIO Co 


Manufacturers of Electrical and Radio Laboratory 


Apparatus for over a Decade. 


30 State Street 


Cambridge, Mass. 
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Steam Superheaters 
Chain Grate Stokers 
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Boston, 80 Federal Street 
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Kearns Building 


PITTSBURGH, Farmers Deposit Bank Building 


CLEVELAND, Guardian Building 
CHICAGO, Marquette Building 


Detroit, Ford Building 
DALLAS, TEXAS, Magnolia Building 


DENVER, 444 Seventeenth Street 


SALT LAKE CITY., 
SEATTLE, L. C. Smith Building 


PORTLAND, ORE., Gasco Building 
HAVANA, CUBA, 


PHILADELPHIA, Packard Building 
CINCINNATI, Traction Building 
ATLANTA, Candler Building 
PHOENIX, Ariz., Heard Building 
New ORLEANS, 344 Camp Street 
Houston, Texas, Electric Building 
SAN FRANCISCO, Sheldon Building 
Los ANGELES, Central Building 
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.. Castle & Cooke Building 
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San JUAN, Porto Rico, Royal Bank Building 
T 
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The J. G. White Engineering Corporation 


Engineers—Constructors 


Steam, Water Power and Industrial Plants, Transmission Systems, Oil Refineries 


and Pipe Lines, Hotels, Apartments, Railroads. 


43 Exchange Place Reports and Appraisals New York 


EXTRAS 
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“UNIQUE” THIN LEAD 
Colored Wooden Pencil— 


ha 4 


r 
P 


has the best and most usable Colors 
thinnest lead of utmost 

strength and durability. $1.00 
Can be sharpened in a pencil 

sharpener to a needlepoint. per dozen 


Make fine lines in color 
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own symbol. 
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No. No. 
Blue .1206 & Orange 1214 
Red .1207 White : 1215 
Green 1208 Lt. Blue . 1216 
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At all dealers, or write direct 
AMERICAN LEAD PENCIL CO., 213 Fifth Ave., NewYork x 
Makers of the famous VENUS Pencils o æ = -= 
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Silk for 


9 Insulating 
1 Finest 


Wire 


Rails Another item in which 


LAM EME 
WALTER A. ZELNICKER SUPPLY Y 
Woni 


For 


Electrical 


Purposes 
have specialized for 29 years 


Steel Piling, Tanks, Pipe 


Motor and Engine Generator Sets 
Bought and Sold 


Have you seen our 350th Bulletin ? 


ALL KINDS BRAIDING SILK 


William Ryle & Co. 


381 Fourth Ave. NEW YORK 
Cor. 27th St. GETTY 
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Milliken 
- Radio 


Towers 


n 
li Milliken Galvanized Steel Radio Towers 
Ht occupy first place in this branch of activity. 
y The leadership is indisputable and is emphasized 


by the growing list of users, including Govern- 

E. be ments, the most prominent broadcasting stations 

Wee tl He throughout the world and largest private inter- 

A ests. Milliken unquestionably is the recognized 

authority on radio tower design and construc- 
tion. 


Milliken Towers are often imitated but 
never equalled. They are designed in accord- 
ance with the best engineering practice; formed 
exclusively of Class “A” open-hearth steel 
| angles, hot galvanized throughout by a special 
\ hand-dipped process, including all bolts, nuts 
At | | and fittings. No other preservative coat is re- 
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quired before or after erection. 


These towers are carried in stock for imme- 
diate shipment in standard heights ranging from 


66 to 300 ft. 
AAA A : a l | 
Milliken Standard Every Milliken Radio Tower is self-sup- 
300-Ft. Tower porting, regardless of size or type. 


Look over the following partial list of users of 
Milliken Galvanized Steel Radio Towers. 
The character of these customers is our best 
recommendation; they select towers of this type 
because of known reliability and efficiency‘ 


Government, United States. ... 10 stations 
sá Duten Bi baisa - 
Colombia, $. A... 5 
Cuba 


Dominican Rep... 2 
Great Britain..... 3 
eo AA 5 
New Zealand.... 3 


_ Venezuela ...... 10 

General Electric Company 
Radio Corporation of America 
Western Electric Company 
Marconi Wireless Telegraph Company 
New York Telephone Company 
Detroit Edison Company 
Edison Electric Illuminating Company 
Ford Motor Compan 
Madison Square andes: New York 
Rensselaer Technical Institute, Troy 
Purdue University, Lafayette, Ind. 
Clemson Agricultural College, Clemson, S. C. 
Speco rT ae Inc. 

ound Hills Radio Corporation, Dartmouth 
City of Mexico, Mexico 
City of Lima, Peru 
City of Sao Paulo, Brazil 
Truxillo Railroad, Honduras 
International General Electric Company 
Westinghouse Electric & Mfg. Company 
China Electric Company, Peking 


Send for a copy of our Radio Tower Catalog No. 22—it Milliken Standard 
will give you some valuable and interesting information. 165-Ft. Tower 


MILLIKEN BROS.-BLAW KNOX CORP. 


2103 Canadian Pacific Bldg., 342 Madison Ave., New York, N. Y. 


Established 1857 
Also Manufacturer of 


Transmission Towers 
Standard Steel Buildings and other Steel Products 


Directory of Advertisers 


AOOCICAD IAE O sine as bee Seb aes ea a 5 
AMECA Lead Pont Llar 36 
Bude E Co. Teana oe avian 30 
DADEOCKE E WUCOR Uria rr soda ces 35 
Pausch & Lomb Optical Co... 3.045% sica 11 
Blaw-Knox Company............... EPA 35 
Borne Scrymser Company.................-. 33 
British Thomson-Houston Co., Ltd.......... 29 
Chandeysson Electric Company........... 24, 25 
Combustion Engineering Corporation....... 10 
Cooper Hewitt. BOO OO sasari ka 33 
Diamond Power Specialty Corporation...... 32 
Diamond State Fibre Company............. 34 
rin A. LEDO ia 38 
Electro Bond Sug Coiee rr 29 
Fainit Bearing Company socotea esa 12 
Foster Wheeler Corporation ..... Inside F’t Cover 
Foundation. Company, Te. cocoa is 2 
General Electric Co...... 16, 17, 18, 19, 20,21, -22 
FUN AO E Won kG 5.06566 54 beak eae 35 
Griscom-Rnssell Co. Thesun ida 15 
Illinois Electric Porcelain Co............... 38 
Indiana Steel and Wire Co................- 34 
Ingersoll-Rand Co.............. Inside B'k Cover 
International Combustion Eng. Corporation.. 2 
Keystone Lubricating Co.................. 32 
Link-Belt Company................. Back Cover 
Locke Insulator Corporation............... 14 
MAGUS COMPA ici sara ia cn 26 
McClellan & Junkersfeld, Inc............... 38 
Milliken Bros.-Blaw-Knox Corporation...... 37 
NUI: CAM As vice ie ira 34 
Nations! Carbon COs Tibia 7 
New Departure Mfg. C0..................-. 9 
Norma-Hoffmann Bearings Corporation..... 6 
Page Steel and Wire Cirsa Chee iw Sie ce 4 
Public Service Production Co............... 38 
RVG Os Wildside 36 
Sargent = Landy, TC Ain in 38 
Sonte E ROAD OO 554.5555. as 31 
SED CO MOTO Aia 15 
Spaulding Fibré. C0, [OC iria 32 
Stackpole Carbon CO .iie.c isis ia 13 
o AAA Wiaw ee tne men 38 
Stockbridge & Bots... xica en 38 
SODE Se Weer, Mbs cr ras 1 
Taylor Tistrument Co. diria 31 
IO. COMPANY. Dir 3 
Timken Roller Bearing Co., The............ 23 
ETE DICO rar va tweseen 8 


West Virginia Pulp & Paper Co., The.... .. 33 
Wheeler Condenser & Eng. Co... ..Inside F’t Cover 


Wheeler Nite; Dos UU Hits sos 30 
White Engineering Corporation, The J. G.... 36 
Worthington Pump and Machinery Corp..... 27 
bapan: COMPANY: LO pirita 36 
Zelnicker Supply Co., Walter A............. 36 


Say you saw it advertised in the GENERAL ELECTRIC REVIEW 


GENERAL ELECTRIC REVIEW 


JOHN A. STEVENS 


Consulting Power Engineer 
16 Shattuck Street 


Lowell, Massachusetts 


A. L. DRUM & COMPANY 


Consulting and Constructing 
Engineers 


Valuations and Financial Reports 
Construction and Management 
of Electric Railways 


230 South Clark Street, CHICAGO, ILL. 


STOCKBRIDGE & BORST 
Patent Law 
41 Park Row New York City 


Electrical Porcelain 
AN Products 


Manufacturers of all types of 
Porcelain insulators, tubes, 
knobs, cleats, etc., for low- 
tension work and a complete 
line of high tension and trans- 
mission line insulators. 


Illinois Electric Porcelain Co. 
Macomb, Ill. 
Export Dept. 30 Church Street 
NEW YORK 


SARGENT & LUNDY 


Incorporated 


Mechanical and Electrical 
Engineers 
1412 Edison Building 
72 West Adams St. Chicago, Ill. 


PUBLIC SERVICE PRODUCTION CO. 


Engineers and Constructors 
Design and Construct: Power Plants, Transmis- 
sion Lines, Industrial Plants, Highways, 
Railroad Shops and Terminals, Gas 
Plants, Commercial Buildings. 

Make: Examinations, Reports, and Valuations 


80 Park Place Newark, N. J. 


McClellan & Junkersfeld, Inc. 


ENGINEERING AND CONSTRUCTION 
Power Developments — Industrial Plants —Electrifications 
Examinations—Reports 


NEW YORK 


68 Trinity Place 
Chicago St. Louis 


PREPARED TO HELP 


The professional organizations 
whose cards appear on this page 
are prepared through training 
and experience to help in the 
solution of the most difficult 
engineering problems. 
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A 21”-stroke Type PRE Compressor 
installed in one of the large “steel 
car” railroad shops. 


Defined In Terms 


Everyone Knows 


EAVY-DUTY, horizontal, duplex, direct-connected—that tells part 

of the story, but Ingersoll-Rand Plate Valves and the Patented Five- 

Step Clearance Control are the features which have been responsible 
for the thousands of PRE Compressor installations all over the world. 


These Compressors are furnished in sizes ranging from 1,300 to 7,440 
cu. ft. per minute piston displacement. Some one of them will fit 
practically any set of conditions where a considerable volume of Com- 
pressed Air is required. 


The PRE Compressor is one that immediately appeals to the operator 
and one which soon proves its worth to the owner. 


Our Bulletin No. 3326 covering this type of Compressor will be cheer- 
fully furnished by any of our Branches or our Main Office. 


For smaller installations there are many sizes and types of I-R Com- 
pressors from which to choose. 


INGERSOLL-RAND COMPANY, 11 BROADWAY, NEW YORK CITY 


Offices in principal cities the world over 
For Canada refer—Canadian Ingersoll-Rand Co., Limited, 260 St. James Street, Montreal, Quebec 
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Flexible as a Belt— 
Positive as a Gear— 


More Efficient than Either 
98.27, Efficient [on actual test] 


RANSMITS power without slip, 

maintains positive velocity ratio, 
is flexible, quiet, smooth running, 
operates on short or long centers, and 
is not affected by atmospheric condi- 
tions—heat, cold, dampness or oil. 


Made in sizes from '/4 to a 1000 H. P. 
and over. Drives 1⁄2 to 15 H. P.: 
carried in stock by distributors in many 
cities. Send for a copy of our Silent 
Chain Drive Data Book No. 125 and 
also copy of Stock List No. 725. 


LINK BEET COMPANY. 


Leading Manufacturers of Elevating, Conveying, and Power Transmission Chains and Machinery 
PHILADELPHIA, 2045 Hunting Park Ave. CHICAGO, 300 W. Pershing Road INDIANAPOLIS, P. O. Box 85 


Ashland, Ky. Buffalo Birmingham, Ala. Denver Minneapolis Dallas New York Louisville, Ky. Los Angeles Seattle 
Atlanta Charlotte Kansas City, Mo. Detroit New Orleans Utica Pittsburgh Wilkes-Barre Oakland Toronto 
Boston Cleveland Huntington, W.Va. Milwaukee St. Louis San Francisco Portland, Ore. Montreal 
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